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© Analogs of oxetanyl purines and pyrimldines. 

© A compound of the formula: 



B 




wherein B is a purin-9-yl group or a heterocyclic isostere of a purin-9-yl group; or a pyrimidin-1-yl group or a 
< heterocyclic isostere of a pyrimidin-1-yl group; A is -CH- or A-G taken together is -C( = 0)-. -C( = CH 2 )-. -C(OH)- 
w (CH 2 OH)-or 



00 

CO 
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CH 2 . 



ft? and G and D are functional groups; or a pharmaceutically acceptable salt or ester thereof. 
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ANALOGS OF OXETANYL PURINES AND PYRIMIDINES 



This is a continuation-in-part of U.S. patent application Serial No. 574,617, filed August 24, 1990, which 
is a continuation-in-part of U.S. patent application Serial No. 453,520, filed December 20, 1989, which is a 
continuation-in-part of U.S. patent application Serial No. 116,605, filed November 3, 1987. 

s Technical Field 

The present invention relates to novel compounds and compositions which have antiviral activity, 
processes for making such compounds, synthetic intermediates employed in these processes and a 
method for treating a human or other mammal in need of antiviral treatment. 

w 

Background Art 

Viruses are implicated in a variety of animal and human diseases. Numerous approaches have been 
proposed to combat these pathogens which include, but are not limited to, herpesviruses 1 and 2 (HSV-1 

75 and HSV-2), influenza viruses A, B and C (orthomyxoviruses), parainfluenza viruses 1-4, mumps virus 
(paramyxovirus), adenoviruses, respiratory syncytial virus, Epstein-Barr virus, rhinoviruses, human im- 
munodeficiency viruses (HIV), polioviruses, coxsackieviruses, echoviruses, rubella virus, varicella-zoster 
virus, neurodermotropic virus, variola virus, cytomegalovirus, hepatitis A, B and non-A, non-B viruses, 
papoviruses and rabies virus. 

20 One approach in the development of antiviral compounds has been to identify compounds which 
interfere with the normal viral metabolism of nucleosides. Because the structures of these compounds are 
usually closely related to nucleosides which occur naturally in the mammalian host, few have good activity 
against the virus without untoward side effects. Some of the few compounds having activity are very 
expensive to produce. Thus, there is a continuing need for new compounds which act to kill viruses, to 

25 inhibit viral replication or to block the pathogenic actions of viruses. 

Disclosure of the Invention 



30 



In accordance with the present invention there are antiviral compounds of the formula: 

B 



35 




40 



45 



or a pharmaceutical^ acceptable salt or ester thereof. B is a purin-9-yl group, a heterocyclic isostere of a 
purin-9-yl group, a pyrimidin-1-yl group or a heterocyclic isostere of a pyrimidin-1-yl group. 
D is (i) hydrogen, (ii) Ci to C10 alky!, 

(Hi) -CHzOH. (iv) -CH2OR20 wherein R 20 is C1 to C 6 alkyl, (v) -CH 2 0C(0)R 2 i wherein R21 is Ci to C10 alkyl, 
(vi) -CH 2 OC(0)CH(R 22 )(NHR 2 3) wherein R 22 is the side chain of any of the naturally occuring amino acids 
and R 23 is hydrogen or -C(0)CH(R 2 *) (NH 2 ) wherein R 2 * is the side chain of any of the naturally occuring 
amino acids, (vii) -CH 2 SH, (viii) -CH 2 CI, (ix) -CH 2 F, (x) -CH 2 Br, (xi) -CH 2 I, (xii) -C(0)H, (xiii) -CH 2 CN, (xiv) 
-CH 2 N 3t (xv) -CH 2 NR 33 R 3 4 wherein R 33 and R 3 a are independently selected from hydrogen and Ci to C10 
50 alkyl, (xvi) -C0 2 R 3 s wherein R 3S is hydrogen or Ci to C10 alkyl. (xvii) -CH 2 CH 2 OH, 

(xviti) -CH 2 CH 2 OR 20 wherein R 20 is as defined herein, (xix) -CH 2 CH 2 OC(0)R 2 i wherein R 2 i is as defined 
herein, (xx) -CH 2 CH 2 OC(0)CH(R 22 )(NHR 23 ) wherein R 22 and R 23 are as defined herein, (xxi) 
-CH 2 CH 2 P0 3 H 2 > (xxii) -CH 2 OP0 3 H 2 . (xxiii) -OCH 2 P0 3 H 2 or (xxiv) -CH 2 C0 2 R 36 wherein R 35 is hydrogen, 
Ci to C10 alkyl. carboxyalkyl or aminoalkyl. 

A is -CH- or A-G taken together is -C( = 0)-. -C( = CH 2 )-. -C(0H)(CH 2 0H)- or 
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A-? 

CH 2 . 

G is (i) hydrogen, (ii) G to Cio alkyl, (iii) -OH, (iv) aikoxy, (v) -NH 2| (vi) alkylamino, (vii) dialkylamino, (viii) 
-SH (ix) thioalkoxy, (x) -N 3f (xi) -CH 2 0H. (xii) -CH 2 OR 25 wherein R 25 is Ci to C 5 alkyl, (xiii) -CH 2 OC(0)R 2 6 

w wherein R 26 is Ci to Cio alkyl, (xiv) -CH 2 OC(0)CH(R 27 )(NHR 28 ) wherein R 2 ? is the side chain of any of the 
naturally occuring amino acids and R 29 is hydrogen or -C(0)CH(R 29 )(NH 2 ) wherein R 29 is the side chain of 
any of the naturally occuring amino acids, (xv) -CH 2 SH, (xvi) -CH 2 CI, (xvii) -CH 2 F, (xviii) -CH 2 Br, (xix) -CH 2 I, 
(xx) -C(0)H, (xxi) -CH 2 CN, (xxii) -CH 2 N 3l (xxiii) -CH2NR30R3. wherein R30 and Rai are independently 
selected from hydrogen and C, to Cio alkyl, (xxiv) -C0 2 R 3 7 wherein R 37 is hydrogen, Ci to Cio alkyl, 

75 carboxyalkyl or aminoalkyl, (xxv) -CH 2 CH 2 OH, (xxvi) -CH 2 CH 2 OR 25 wherein R 25 is independently as 
defined herein, 

(xxvii) -CH 2 CH 2 OC(0)R 2 6 wherein R 26 is independently as defined herein, (xxviii) -CH 2 CH 2 OC(0)CH(R 27 )- 
(NHR 28 ) wherein R 27 and R 2 s are independently as defined herein, 

(xxix) -CH 2 CH 2 P0 3 H 2 , (xxx) -CH 2 OP0 3 H 2 , (xxxi) -OCH 2 P0 3 H 2 or (xxxii) -CH 2 C0 2 R 32 wherein R 32 is 
20 hydrogen, Ci to Cio alkyl, carboxyalkyl or aminoalkyl; with the proviso that when D is hydrogen or Ci to 
C10 alkyl then G is other than hydrogen or Ci to Cio alkyl. 

The compounds of formula I contain two or more asymmetric carbon atoms and thus can exist as pure 
diastereomers, mixtures of diastereomers, diastereomeric racemates or mixtures of diastereomeric 
racemates. The present invention includes within its scope ail of the isomeric forms. The terms "R" and "S" 
25 configuration used herein are as defined by IUPAC 1974 Recommendations for Section E, Fundamental 
Stereochemistry, Pure. Appl. Chem. (1976) 45, 13-30. 

The term "Ci to Cio alkyl" as used herein refers to straight or branched chain alkyl radicals containing 
from 1 to 10 carbon atoms including, but not limited to, methyl, ethyl, isopropyi, n-butyl, isobutyl, sec-butyl, 
n-pentyl, 1-methylbutyl, 2,3-dimethylbutyl. 2-methylpentyl, 2,2-dimethylpropyl, n-hexyl, n-heptyl, n-octyl, n- 
30 nonyl, n-decyl and the like. 

The terms "aikoxy" and "thioalkoxy" as used herein refer to -OR 38 and -SR 38 , respectively, wherein 

R 38 is a Ci to C10 alkyl group. 

The term "carboxyalkyl" as used herein refers to a carboxylic acid group (-COOH) appended to a Ci to 

C10 alkyl radical. 

35 The term "aikoxy carbony I" as used herein refers to -C(0)R 39 wherein R 39 is an aikoxy group. 

The term "aminoalkyl" as used herein refers to an amino group (-NH 2 ) appended to a Ci to C10 alkyl 
radical. 

The term "alkynyl" as used herein refers to C 2 to C 6 straight or branched carbon chain which contains 
a carbon-carbon triple bond including, but not limited to, ethynyl, propynyl, butynyl and the like. 
40 The term "halo" or "halogen" as used herein refers to CI. Br, F or I. 

The term "alkylamino" as used herein refers to -NHR* 0 wherein R40 is a Ci to Cio alkyl group. 

The term "dialkylamino" as used herein refers to - NR41R42 wherein R*i and R42 are independently 
selected from Ci to Cio alkyl. 

The term "side chain of any of the naturally occuring amino acids" as used herein refers to the 
45 functionality appended at the alpha carbon of any of the naturally occuring amino acids and includes, but is 
not limited to hydrogen (glycine), methyl (alanine), isopropyi (valine), hydroxymethyl (serine), benzyl 
(phenylalanine), and the like. 

The term "N-protecting group" as used herein refers to those groups intended to protect nitrogen 
atoms against undesirable reactions during synthetic procedures and includes, but is not limited to, formyl, 
50 acetyl, pivaloyl, t-butylacetyl, trichloroethoxycarbonyl, t-butyloxycarbonyl (Boc), benzyloxycarbonyl (Cbz) or 
benzoyl groups or other nitrogen protecting groups known to those skilled in organic synthesis such as 
those disclosed in Greene. "Protective Groups in Organic Synthesis", pp. 218-287, (J. Wiley & Sons. 1981). 

The term "hydroxy protecting group" or "O-protecting group" as used herein refers to those groups 
intended to protect a hydroxy group against undesirable reactions during synthetic procedures and 
55 includes, but is not limited to, substituted methyl ethers, for example, methoxymethyl, benzyloxymethyl, 
2-methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl and tetrahydropyranyl; substituted ethyl ethers, for 
example. 2,2,2-trichloroethyl, t-butyl. benzyl and triphenylmethyl: silyl ethers, for example, trimethylsilyl. t- 
butyldimethylsilyl and t-butyldiphenylsilyl; acyl groups such as acetyl and benzoyl; sulfonates such as 



3 
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10 



mesylate and tosylate; or other hydroxy protecting groups known to those skilled in organic synthesis such 
as those disclosed in Greene, "Protective Groups in Organic Synthesis", pp. 10-71. (J. Wiley & Sons, 
1981). 

The term "heterocyclic isostere of a purin-9-yl group" as used herein refers to a heterocyclic group 
which has a similar structure and similar properties when compared to a purin-9-yl group. In addition, the 
isostere may contain different atoms and not necessarily the same number of atoms as long as the isostere 
possesses the same total or valence electrons in the same arrangement as does a purin-9-yl group. For 
example, well known isosteric pairs of molecules include the pair carbon monoxide and atmosphenc 
nitrogen and the pair cyanide ion and acetylide ion. 

Heterocyclic isosteres of a purin-9-yl group include, but are not limited to. compounds of the formula: 



15 



1) 



J 



20 




35 



40 



45 



50 



55 



A 
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3) 



10 



15 



20 



25 



30 



35 



40 



45 



4) 



5) 



6) 



and 
7) 



j6o 



wherein J and L are independently selected from (i) hydrogen, (ii) -OH, (iii) halogen, (iv) alkoxy, (v) -SH. (vi) 
thioalkoxy, (vii) -N 3 , (viii) 



so (CH 2 ) m 



55 wherein m is 1 to 5, 

(ix) -NRiR 2 wherein Ri and R 2 are independently selected from hydrogen and Ci to C10 alkyl, 

(x) -NHC(0)R 3 wherein R 3 is hydrogen, C« to C10 alkyl. carboxyalkyl or aminoalkyl, (xi) -N-CHNR4R5 
wherein FU and R5 are independently selected from C- to C- 0 alkyl, (xii) -N(R 6 )OR7 wherein R 6 and R7 are 
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independently selected from hydrogen and Ci to C10 alkyl, and (xiii) -N(R8)NR 9 Rio wherein R 8 , Ra and Rio 
are independently selected from hydrogen and Ci to Cio alkyl; M is (i) Ci to Cio alkyl, (ii) halogen, (Hi) 

(CH 2 ) m 
— N— — — 



wherein m is 1 to 5, 

io or (iv) -NR,R 2 wherein Ri and R 2 are as defined above; and Z is (i) hydrogen, (ii) halogen, (hi) formyl, (iv) 
carboxyl, (v) alkoxycarbonyl or (vi) cyano. 

The term "heterocyclic isostere of a pyrimidin-1-yl group" as used herein refers to a heterocyclic group 
which has a similar structure and similar properties when compared to a pyrimidin-1-yl group. In addition, 
the isostere may contain different atoms and not necessarily the same number of atoms as long as the 

J5 isostere possesses the same total or valence electrons in the same arrangement as does a pyrimidin-1-yl 
group. For example, well known isosteric pairs of molecules include the pair carbon monoxide and 
atmospheric nitrogen and the pair cyanide ion and acetylide ion. Heterocyclic isosteres of a pyrimidin-1-yl 
group include, but are not limited to, compounds of the formula: 





wherein V is 0 or S; 



c 
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Q is (i) -OH, (ii) -SH, (iii) alkoxy, (iv) thioalkoxy, (v) halogen, 
(vi) 



(CH 2 ) m 



70 wherein m is 1 to 5, 

(vii) -NR1R2 wherein R1 and R 2 are independently as defined herein or (viii) -NHC(0)Ra wherein R 3 is 
independently as defined herein; 

and T is (i) hydrogen, (ii) Ci to C10 alkyl, (iii) 2-haloethyl, (iv) halomethyl, (v) difluoromethyl, (vi) 
trifluoromethyl, (vii) halogen, (viii) cyano, (ix) nitro, (x) vinyl, (xi) 2-halovinyl, (xii) alkynyi, (xiii) hydroxmethyl, 
T5 (xiv) formyl, (xv) azidomethyl, (xvi) 2-hydroxyethyl, (xvii) -NR1R2 wherein R1 and R 2 are independently as 
defined herein, (xviii) -NHOH, (xix) -SH, (xx) propenyl, (xxi) 3,3,3-trifluoropropenyl, (xxii) 2-(alkoxycarbonyl)- 
ethenyl, (xxiii) 2-cyanoethenyI, (xxiv) 



20 

(CH 2 ) m 
— M— — ^ 

25 wherein m is 1 to 5, 

or (xxv) -CH2NR1R2 wherein Ri and R 2 are independently as defined herein. 

The compounds of the present invention can be prepared by various methods, including those 
disclosed in Schemes 1-4. 

A shown in Scheme 1, treatment of 1, wherein B is as defined herein, with a suitable alky I halide, 

30 arylalkyl halide (e.g., triphenylmethyl chloride), aroyl halide, alkanoyl halide, or silyl halide (e.g., trimethyl- 
silyl chloride) in a polar solvent such as N,N-dimethylformamide (DMF), tetrahydrofuran (THF), CH2CI2 or 
pyridine at a temperature of from about (T to about 60* C affords the protected derivative 2 (R* is an 0- 
protecting group). Preferably, 1 is treated with t-butylchlorodimethylsilane in pyridine at room temperature 
for about 24 hours to obtain 2 (R" = (t-Bu)(Me) 2 Si-). 

35 When the substituent B in 1 or 2 is a purine having a 6-amino substituent, the 6-amino substituent can 
be protected by acylation with an alkanoyl chloride (e.g., acetyl chloride and the like) or aroyl chloride (e.g.. 
benzoyl chloride or p-nitrobenzoyl chloride or the like) or a corresponding anhydride such as acetic 
anhydride in a solvent such as pyridine. Subsequent treatment with a dilute aqueous base such as sodium 
carbonate, potassium carbonate, potassium hydroxide or preferably 1 aqueous sodium hydroxide at a 

40 temperature of from about -20* to about 40* C, preferably at about 0*C, affords diprotected 2. In the 
preferred case, the benzoyl group is used to protect the 6-amino group. The two protecting groups can also 
be introduced in the reverse order of that described above. 

The free hydroxyl group in 2 is converted to an activated ester leaving group by treatment with a 
sulfonyl chloride (e.g., p-toiuenesuTfonyl chloride or trifluoromethanesulfonyl chloride and the like) or sulfonic 

45 acid anhydride (e.g., methanesulfonic acid anhydride) in a solvent such as pyridine or dichloromethane, 
optionally containing a base such as triethylamine, at a temperature of from about -10* to about 40* C for a 
period of from about 1 hour to about 24 hours. In a preferred method, 2 is treated with methanesulfonyl 
chloride in pyridine at O'C for 2 hours to provide 3 (R" = -S0 2 Me).~The leaving group in 3 is then 
displaced with an appropriate nucleophile (NuH) in a polar solvent such as acetone, 2-butanone, THF, DMF 

50 or dimethoxyethane (DME) to furnish 4. Suitable nucleophilic reagents include LiN 3 , NaN 3 , n-Bu*NN 3 , KF, 
CsF, n-BUiNF, LiBr, NaBr, n-Bu*NBr,Iil, Nal, n-Bu*NI, LiCi. n-Bu4NCI, CH3CH2NH2, CH 3 NH 2 and lithium 
triethylborohydride. The compounds 4 thus obtained are converted to the compounds of this invention (!) by 
removal of the hydroxyl protecting group. In the preferred case in which B is 6-benzamidopurin-9-yl and R* 
is (t-Bu)(Me) 2 Si-, the deprotection is accomplished with a source of fluoride ion such as KF, CsF or 

55 preferably n-BuNNF in a polar solvent such as DMF, CH 3 CN or preferably THF at a temperature of about 
25* C. In the case in which a nitrogen protecting group has been employed, this group must also be 
removed. In the preferred case in which the nitrogen protecting group is benzoyl, treatment of 4 with dilute 
aqueous sodium hydroxide in methanol or sodium ethoxide in ethanol provides I. 



7 
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An alternative preparation of 4 (Nu = F) involves direct treatment of the alcohol 2 with a fluorinating 
agent such as diethylaminosulfurtrifluoride (DAST) in a nonhydroxylic solvent such as dichloromethane at a 
temperature between -78* and 25* C. preferably about -40* C. The amino derivative 4 (Nu= -NH 2 ) is 
obtained by reduction of the corresponding azide (4, Nu= -N 3 ), 

preferably employing hydrogen and a palladium catalyst. These analogs 4 are converted to compounds of 
this invention as described above. 

Compounds of formula I wherein B is a 6-alkylaminopurin-9-yl group or a 6-amidopurin-9-yl group can 
be synthesized according to the route outlined in Scheme 2. For example, treatment of la with sodium 
nitrite in acetic acid or an acetate buffer at a temperature of about -10* to 60 C affords the deaminated 
material 6. Suitable conditions include the use of amyl nitrite in 50% acetic acid. Alternatively, this 
transformation can be accomplished enzymatically. The hydroxymethyl substituents on the oxetane ring of 
5 are protected using an acylating agent such as nitrobenzoyl chloride or benzoylchloride in a solvent such 
as pyridine or DMF at a temperature of about -10* to 60 'C. In the preferred method. 5 is treated with 
trifluoroacetic anhydride in CH2CI2 at 0* to 20* C to obtain the diacyl derivative 6. Treatment of 6 with 
DMF/thionyl chloride in dichloromethane, preferably at reflux temperature followed by cleavage of the acyl 
protecting groups, preferably using methanol and neutral alumina provides 7. Exposure of 7 to an amine 
(R a R b NH, wherein R a and R b are independently selected from C1-C10 alkyl and hydrogen), at a temperature 
of from about 25 °C to about 200 'C furnishes 8. A preferred method involves the reaction of 7 with 
methylamine at about 100' C to afford 8. Compound 1^ in Scheme 1 may be replaced with the compounds 8 
of Scheme 2 to obtain the corresponding N-6 substituted derivatives I. 

The compounds of the invention of the formula I can be prepared as shown in Scheme 3, where "P" is 
a hydroxyl protecting group intended to protect "against undersirable side reactions during synthetic 
procedures. "P" includes, but is not limited to, t-butyldimethylsilyl. t-butyldiphenylsilyl, triphenylmethyl, 
benzoyl, acetyl and the like. "B" is as defined above. 

The process shown in the scheme entails ring contraction of a 3-deoxy nucleoside 11 to an oxetane 
ring via rearrangement of the diazoketone 12. 

Scheme 4 shows the process outlined in Scheme 3 wherein B is thymine, cytosine or uracil. P" and P" 
are hydroxyl protecting groups intended to protect against undesirable side reactions during synthetic 
procedures. P* and P" are independently selected from hydroxyl protecting groups including, but not limited 
to. t-butyldimethylsilyl, triphenylmethyl. benzoyl, p-chlorobenzoyl, acetyl, benzyl and the like. 

The process shown in Scheme 4 entails ring contraction of a ^'-dideoxy-^-oxo nucleoside U - 
(wherein the hydroxyl protecting group P' is preferably t-butlydimethylsilyl) to an oxetane ring via 
rearrangement of the diazoketone 12. followed by reduction of the ester 13 (R" is loweralkyl. for example, 
CH 3 ) to the 2*-hydroxymethyl compound 14 and removal of the hydroxyl protecting group to give I. 

In the case where B is uracil, the epoxide 15 (wherein the 5'-hydroxyl protecting group P' is preferably 
a benzoyl group) is opened to compound 16 by treatment with an iodide salt such as sodium iodide in the 
presence of an acid in a polar solvent such as 2-butanone. The iodo derivative 16 is reduced to 10 
preferably with tri-n-butyl tin hydride and the 5'-hydroxyl group deprotected. for example by treatment with 
potassium carbonate in methanol solution. The 5'-hydroxyt group is reprotected. preferably with a t- 
butyldimethylsilyl group and the 2'-hydroxyl group is oxidized to the ketone to afford compound n. for 
example by treatment with chromium trioxide-pyridine reagent. 

In the case where B is thymine. 3'deoxy-5-methyluridine. with both sugar hydroxyls protected 
(compound 17, P* and P" are O-protecting groups), preferably as p-chlorobenzoyl esters, is deprotected in 
basic solution, for example using sodium methoxide in methanol solution. The 5'-hydroxyl group is 
selectively reprotected (P') ( preferably as the t-butyldimethylsilyl (TBS) derivative and the 2'-hydroxyl group 
is oxidzed by treatment with oxidizing agent such as chromium trioxide-pyridine reagent to afford 11. 

In the case where B is cytosine, cytosine with the 4-amino group protected as the N-acetyl derivative is 
treated with hexamethyldisilazane to give 18. Compound 18 is coupled in the presence of tin tetrachloride 
with 1-0-acetyl-3-deoxyribose, preferably with the 2'- and 5'-hydroxyl groups protected (P* and P" are 0- 
protecting groups) as p-chlorobenzoyl esters (20) to give compound 19. The protecting groups are then 
removed from the 2'- and 5'-hydroxyl groups, for example by treatment with ammonium hydroxide in 
methanol solution, and the 5'hydroxyl group selectively reprotected, preferably by treatment with t- 
butyldimethylsilyl chloride. The 4-amino group is reprotected, preferably as the N.N- 
dimethylaminomethylene derivative, and the 2'-hydroxyl group is then oxidized, for example with DMSO in 
the presence of oxalyl chloride, to afford IT 

Scheme 5a shows the conversion of protected diol 14 to the monohydroxy compound 2_h Oxidation (for 
example, with Dess-Martin periodinane) of 14 to aldehyde 19. followed by deformylation (for example, with 
tris(triphenylphosphine)rhodium (I)), provides 20. Deprotection then gives 21^. 
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Scheme 5b shows the preparation of triol 24 and diol 25. Compound 22 wherein L is a leaving group 
(for example, mesylate) is treated with a base (for example, DBU) to provide olefin 23. Oxidation (for 
example with N-methylmorpholine-N-oxide/OsOO. followed by deprotection, provides triol 24. Oxidation of 
24 (for example, with sodium periodate), followed by reduction (for example, with sodium borohydride), 
5 gives the diol 25. 

■SCHEME 1 



70 




9 
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SCHEME 4 
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SCHEME 5 



70 



15 




20 



25 



30 



35 



■a 

op* L 



,B 



1) oxidize 9 — I 



B 



^ *CH a 2 > de P rotect 
OP* OH 



2ja 



OH 
OH 




40 

The foregoing may be better understood from the following examples, which are presented for 
purposes of illustration and are not intended to limit the scope of the inventive concepts. As used in the 
following examples, the references to compounds, such as (1), (2), (3), etc., and to substituents, such as R, 
45 R a , Rb. e tc - refer t0 the corresponding compounds and substituents in the foregoing reaction schemes and 
formulae. 

The following examples will serve to further illustrate preparation of the novel compounds of the 
invention. 



50 Example 1 

9-((2R t 3R,4S)-4- Hydroxymethyl-3-methyl-oxetan-2-yl) adenine 

(a) In a round-bottom flask were placed 10 g of 9-((2R,3R,4S)-3.4-bis-hyroxymethyl-oxetan.2-yl)-adenine 
and 100 mL of pyridine. To the system was added 6.4 g of tert-butylchlorodimethylsilane, and the 
55 reaction mixture was stirred under nitrogen at room temperature for 1 day. The mixture was diluted with 
ethyl acetate and washed with saturated aqueous sodium bicarbonate and brine, dried (sodium sulfate) 
and concentrated with a rotary evaporator. The residue was purified by column chromatography to afford 
9-((2R. 3R. 4S)-4-t-butyldimethylsiloxymethyl-3-hydroxymethyl-oxetan-2-yl)adenine. 



1 o 
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(b) Under a nitrogen atmosphere, in a round-bottom flask were placed 1 .8 g of the product of (a) and 8 
mL of dichloromethane. To this stirring solution, at 0° C, were added 1.1 g of triethylamine and 0.69 g of 
methanesulfonyl chloride. The cold bath was removed, and the reaction mixture was stirred at room 
temperature for approximately 2 h. The reaction mixture was diluted with ethyl acetate, washed with 

5 saturated aqueous sodium bicarbonate and brine and dried over sodium sulfate. The solvent was 
removed with a rotary evaporator to afford 9-((2R, 3R, 4S)-4-t-butyldimethylsiloxymethy!-3- 
methanesuifonyloxymethy!-oxetan-2-yl) adenine. 

(c) Under a nitrogen atmosphere, in a roundbottom flask were placed 0.44 g of the compound of (b) and 
0.5 mL of THF. To this stirring solution, at 0* C, was added 1.2 mL of 1 M lithium triethylborohydride in 

to THF. The cold bath was removed, and the reaction mixture was stirred at room temperature for 4 h. The 
mixture was partitioned between ethyl acetate and saturated aqueous sodium bicarbonate. The layers 
were separated, and the organic phase was washed with brine, dried (Na 2 S04) and concentrated with a 
rotary evaporator. The residue was purified by column chromatography to afford 9-((2R, 3R, 4S)-4-t- 
butyldimethylsiloxymethyl-3-methyl-oxetan-2-yl)adenine. 

75 (d) Under a nitrogen atmosphere, in a round-bottom flask was placed 0.35 g of the compound of (c). To 
the system was added 1.4 mL of 1 M n-Bu4NF in THF. The reaction mixture was stirred at room 
temperature for 6 h and concentrated wTth"a rotary evaporator. The residue was triturated with aqueous 
methanol and the resulting solid I (X=CH 3 , R a s=: Rb= H) was collected by suction filtration, rinsed with 
ice cold methanol and ether and dried under vacuum. 

20 Example 2 

9-((2R, 3R,4S)-3-Fluoromethyl-4-hydroxymethyl-oxetan-2-yl)adenine 

The procedures of Examples 1(a) and 1(b) can be repeated to obtain 9-((2R, 3R, 4S)-4-t- 
25 butyldimethylsiloxymethyl-3-methanesulfonyloxymethyl-oxetan-2-yl) adenine. 

Under a nitrogen atmosphere, in a round-bottom flask was placed 0.44 g of the foregoing compound. To 
the system was added 8 mL of 1 M n-Bu*NF, and the reaction mixture was heated at reflux for 4 h. The 
mixture was cooled to room temperature and concentrated with a rotary evaporator. Trituration of the 
resulting viscous oil with MeOH-H 2 0 afforded a white solid which was collected by suction filtration, rinsed 
30 with ice-cold methanol and ether and dried under vacuum. 

Example 3 

9-((2R, 3R,4S)-3-lodomethyl-4-hydroxymethyl-oxetan-2-yl) adenine 
35 (a)~The procedure of Example 2 can be repeated, replacing n-Bu*NF with n-Bu+NI, to obtain 4 (Nu = l, R 
= Si(t-Bu)(Me) 2 ). 

(b) The procedure of Example 1 (d) can be repeated replacing 9-((2R, 3R, 4S)-4-t- 
butyldimethylsiloxymethyl-3-methyl-oxetan-2-yl) adenine with the material obtained from Example 3(a) to 
obtain the desired compound. 
40 Example 4 

9- ((2R,3R,4S)-3-Azidomethyl-4-hydroxymethyl-oxetan-2-yl) adenine 

The procedure of Example 3 can be repeated, replacing n-Bu4NI with n-Bu*NN 3 to obtain the desired 
45 compound. 

Example 5 

9-((2R,3R,4S)-3-Aminomethyl-4-hydroxymethyl-oxetan-2-yl) adenine 
50 (a) The procedure of Example 4 can be repeated to obtain I (X=-CH2N 3 , R a = Rb = H). 

(b) In a round-bottom flask were placed 0.28 g of the compound of (a) and 10 mL of methanol. To the 
system (flushed with nitrogen) was added 0.2 g of 5% palladium on carbon. The system was placed 
under an atmosphere of H 2| and the mixture was stirred at room temperature for 1 h. The catalyst was 
removed by suction filtration through a pad of celite and rinsed well with methanol. The filtrate was 
55 concentrated with a rotary evaporator to afford the desired compound. 
Example 6 

9-((2R,3R.4S)-3-Chloromethyl-4-hydroxymethyl-oxetan-2-yl)adenine 
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The procedure of Example 3 can be repeated, replacing n-Bu*NI with LiCI and THF with 2-butanone to 
afford the title compound. 

Example 7 

9-((2R, 3R, 4S)-4-Hydroxymethyl-3-methoxymethyl-oxetan-2-yl)adenine 

— (i)"Under a nitrogen atmosphere, in a round-bottom flask were placed 2.5 g of 9-((2R,3R,4S)-3,4-bis- 
hyroxymethyl-oxetan-2-yl)adenine and 40 mL of pyridine. To the system, at O'C, was added 4.6 g of 
benzoyl chloride, the cold bath was removed, and the reaction mixture was stirred at room temperature 

10 for 1 day. The reaction mixture was diluted with a small amount of acetone and poured into ice/water. 
The resulting precipitate was collected by suction filtration and treated with 20 mL of 1 M aqueous 
sodium hydroxide in 40 mL of DMF. The reaction mixture was diluted with saturated aqueous sodium 
bicarbonate and extracted with several portions of chloroform. The chloroform extracts were dried 
(Na2SO*) and concentrated with a rotary evaporator, and the crude product was rinsed with ether and 

75 recrystallized from ethanol-water to obtain 6-benzamido-9-((2R, 3R, 4S)3,4-bis(hydroxymethyl)-oxetan-2- 
yl)purine. 

(b) Under a nitrogen atmosphere, in a round-bottom flask were placed 2.8 g of the compound obtained in 
(a) and 15 mL of pyridine. To the system was added 2.8 g of trityl chloride, and the reaction mixture was 
stirred at room temperature for 5 days. The reaction mixture was partitioned between ethyl acetate and 

20 saturated aqueous sodium bicarbonate, and the layers were separated. The ethyl acetate solution was 
washed with brine, dried over sodium sulfate and the solvent was removed with a rotary evaporator to 
afford a white solid. The crude material was subjected to column chromatography to obtain 6-benzamido- 
9-((2R,3R, 4S)4-hydroxymethyl-3-triphenylmethoxymethyl-oxetan-2-yl) purine. 

(c) Under a "nitrogen atmosphere, in a round-bottom flask were placed 0.6 g of the compound from (b) 
25 and 1 mL of DMF. To the system was added 80 mg of solid NaOH and 0.15 g of iodomethane. The 

reaction mixture was stirred at room temperature for 1 day. The reaction mixture was diluted with 
chloroform and washed with saturated aqueous sodium bicarbonate and brine, dried (sodium sulfate) and 
concentrated with a rotary evaporator. The crude product was rinsed with hexanes to afford 6- 
benzamido-9-((2R, 3R, 4S)-4-methoxymethyl3-triphenylmethoxymethyl-oxetan-2-yl)purine. 

30 (d) In a round-bottom flask were placed 0.4 g of the foregoing compound and 2 mL of ethanol. The 
system was flushed with nitrogen. To the system was added 0.2 g of 10% Pd on carbon, and the system 
was placed under an atmosphere of hydrogen. The reaction mixture was stirred at room temperature for 
14 h, and the catalyst was removed by suction filtration through a pad of celite. To the system was 
added 2 mL of a solution prepared by dissolving 60 mg of sodium in 10 mL of ethanol, and the reaction 

35 mixture was heated at reflux for 3 h. The reaction mixture was concentrated with a rotary evaporator, 
water was added to the system and the solution was brought to pH 7 with acetic acid. This solution was 
washed with three portions of ethyl acetate, and the aqueous solution was concentrated with a rotary 
evaporator. The residue was recrystallized from water to afford the pure title compound. 
Example 8 

40 

9-((2R,3R,4S)-4-Hydroxymethyl-3-thiomethyl-oxetan-2-yl) adenine 

(a) The procedures of Examples 1(a) and 1(b) can be repeated to obtain 9-((2R, 3R, 4S)-4-t-butyl- 
dimethylsiloxymethyl-3-methanesulfonyloxymethyloxetan-2-yl)adenine. 

(b) Under an argon atmosphere, in a round-bottom flask were placed 0.75 g of sodium and 26 mL of 
45 ethanol. To this resulting solution of sodium ethoxide was added dropwise 3.83 mL of phenyi- 

methanethiol. In a separate flask, under argon, were placed 0.84 of the compound from (a) and 2 mL of 
ethanol. To this stirring solution was added 2 mL of the mercaptide solution prepared above, and the 
reaction mixture was stirred at room temperature for 1 day. The resulting solid precipitate (C7H 7 S0 3 Na) 
was removed by suction filtration through a celite pad. The filtrate was concentrated with a rotary 

50 evaporator, and the residue was partitioned between water and chloroform. The layers were separated, 
and the aqueous phase was extracted with two portions of chloroform. The combined chloroform extracts 
were washed with 1 M aqueous sodium hydroxide and brine, dried (Na ) and concentrated with a rotary 
evaporator. The crude product was purified by column chromatography to afford 9-((2R. 3R, 4S)-3- 
benzylthiomethyl-4-t-butyldimethylsiloxymethyl-oxetan-2-yl)adenine. 

55 (c) Under an argon atmosphere, into a 3-neck round-bottom flask equipped with a dry-ice condenser and 
a gas inlet adapter was distilled approximately 25 mL of ammonia. To the system was added 0.85 of the 
compound of (b) followed by 170 mg of sodium (in several small portions), and the blue solution was 
stirred at -78 'C for 2 h. To the system was cautiously added 300 mg of ammonium chloride, and the 
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cold bath was removed. After the ammonia evaporated, the resulting solid was rinsed with ether. The 
residue was dissolved in water and brought to pH 7 with acetic acid. This solution was extracted with 
several portions of chloroform. The chloroform extracts were dried over sodium sulfate, and the solvent 
was removed with a rotary evaporator 

to afford crude 9-((2R, 3R. 4S)-4-t-butyldimethylsiloxymethyI-3-thiomethyl-oxetan-2-yl)adenine. 
(d) The procedure of Example 1(d) is then performed using the product of (c) as a starting material, to 
obtain the title compound. 
Example 9 

6- Methylamino-9-((2R l 3R,4S)-3,4'bis(hydroxymethylhoxetan-2-yl)purine 

(a) To a suspension of 2.0 g of 1 in 110 mL of 0.02 M aqueous KH 2 PO* buffer solution was added 20 
mg of Type II adenosine deaminase. The reaction mixture was stirred at room temperature for 1 day and 
concentrated to a volume of 80 mL. The resulting suspension was filtered and the filtrate was 
concentrated to approximately 20 mL The resulting suspension was filtered. The filtrate was diluted with 
20 mL of ethanol and concentrated to a volume of less than 50 mL. This mixture was also filtered. The 
combined solids were suspended in approximately 80 mL of hot 80% ethanol. This mixture was filtered, 
and the filtrate was cooled at 0° C for 1 day. The resulting 9-((2R.3R, 4S)-3,4-bis(hydroxymethyl)-oxetan- 
2-yl) hypoxanthine was collected by suction filtration. 

Alternatively, this transformation can be accomplished nonenzymatically, employing amyl nitrate in 50% 
acetic acid. 

(b) Under a nitrogen atmosphere, in a round-bottom flask were placed 1.0 g of the compound of (a) and 
20 mL of dichloromethane, and the system was cooled in an ice bath. To the system was added 9.0 g of 
trifluoroacetic anhydride, and the reaction mixture was stirred for 2 h and concentrated with a rotary 
evaporator. The residue was subjected to high vacuum for 1 h to afford 9-((2R, 3R, 4S)-3,4-bis- 
(trifluoroacetoxymethyl)-oxetan-2-yl)hypoxanthine. 

(c) Under a nitrogen atmosphere, in a 3-neck round-bottom flask equipped with a reflux condenser and a 
pressure-equalizing addition funnel were placed the product obtained above and 100 mL of dich- 
loromethane. To this stirring mixture was added dropwise a solution of 3.2 mL of thionyl chloride and 1.6 
ml of DMF in 40 mL of dichloromethane. During this addition, the mixture was heated to maintain a 
gentle reflux. The reaction mixture was heated at reflux for a total period of 8 h and cooled to room 
temperature. The reaction mixture was cooled to 0 # C, and a small amount of solid was removed by 
suction filtration. The filtrate was poured slowly into a cold 1 M aqueous solution of sodium bicarbonate 
with vigorous stirring. The layers were separated, and the aqueous phase was extracted with dich- 
loromethane. The combined organic fractions were dried (Na 2 S00, and the solvent was removed with a 
rotary evaporator. The crude material was subjected to column chromatography on neutral alumina using 
methanol as the eluant to obtain 6-chloro-9-((2R, 3R, 4S)-3.4-bis-(hydroxymethyl)-oxetan-2-yl)purine. 

(d) In a sealed tube were placed 0.54 g of the foregoing compound in 30 mL of methanol containing 8 g 
of methylamine. The mixture was heated at 100* C for 12 h. The reaction mixture was cooled to room 
temperature and concentrated with a rotary evaporator. The residue was dissolved in water and extracted 
with ether. The aqueous phase was brought to pH 7 with acetic acid and sodium bicarbonate and 
concentrated. The residue was recrystallized from a small amount of water. The solid was collected and 
rinsed with ice-cold water, methanol and ether to afford the pure title compound. 

Example 10 

45 6-Methylamino-9-((2R,3R 1 4S)-3-fiuoromethyl-4-hydroxymethyl-oxetan-2-yl)purine 

The procedure of Example 9 can be repeated replacing the starting compound of Example 9(a) with the 
product of Example 2 to obtain the title compound. 

50 Example 1 1 

6- Methylamino-9-((2R,3R,4S)-4-hydroxymethyl-3-methyl-oxetan-2-yl)purine 

The procedure of Example 9 can be repeated replacing the starting compound of Example 9(a) with the 
55 product of Example 1 to obtain the desired compound. 

Example 12 
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6-Methylaminch9-((2R,3R t 4S)-3-azido-4-hydroxyrnethyl-oxetan-2-yl)purine 

The procedure of Example 9 can be repeated replacing the starting compound of Example 9(a) with the 
product of Example 4 to obtain the title compound. 

5 

Example 13 

5',Q,(t.Butyldimethylsilyl)-3^deoxyadenosine 

70 To a stirred solution of 9.5 g (38.1 mmol) of 2',3'-anhydroadenosine (Robins, M.J.; Hansske, F.; Low, N. 
H.; Park, J. I. Tetrahedron Lett. 1984, 367-370) in 114 mL of pyridine was added 11.5 g (76.2 mmol) of t- 
butyldimethylsilyl chloride. After 3.5 h at room temperature, an additional 5.75 g (38.1 mmol) of t~ 
butyldimethylsilyl chloride was added. After a total of 4.25 h, the reaction mixture was diluted into 2 L of 
water and extracted with 3 x 500 mL of dichloromethane. The combined dichloromethane extracts were 

75 washed with one liter of saturated aqueous sodium bicarbonate, with 3 x 500 mL of water, and then dried 
over magnesium sulfate. Concentration under reduced pressure afforded 13.3 g of 5'-0-(t-butyldimethyl- 
silyty-^'-anhydroadenosine. To a stirred solution of 2.0 g (5.50 mmol) of y-O-tf-butyldimethylsiiyl)-^.^- 
anhydroadenosine in 55 mL of THF at 0 ' C was added 22 mL (22 mmol) of a 1 M solution of lithium triethy! 
borohydride in THF. The reaction mixture was then allowed to warm to room temperature. After 3 hours, the 

20 reaction mixture was recooled to 0 ' C and then carefully treated with 4.0 mL of 5 % aqueous acetic acid. 
The resulting mixture was diluted with 150 mL of EtOAc, washed with 3 x 100 mL of saturated aqueous 
NaCI, dried over magnesium sulfate, concentrated under reduced pressure, and then coevaportated with 
three portions of chloroform. Chromatography of the residue on silica gel with a 100:0 to 97:3 
chloroform/methanol gradient afforded 1.8 g (90 %) of the title compound: colorless glass; R f = 0.10 (silica 

25 gel 60 F-254, 0.25 mm, E. Merck (SG), 95:5 CHCl 3 :MeOH); [ah* -47.8° (c 2.47, CHCI 3 ); IR (CDCI3) 3480. 
3415, 3320, 3165, 3125, 2960, 2935, 2860, 1635, 1595, 1575, 1470, 1415, 1330, 1290, 1255, 1210, 1135. 
1090, 995 cm- 1 ; 1 H NMR (300 MHz. CDCI3, TMS = 0.00 ppm) 5 0.08, 0.09 (2s, 6H, (CH 3 ) 2 Si), 0.88 (s, 9H, 
(CH 3 ) 3 CSi), 2.10 ( ddd, 1H, J = 13.5 Hz, J'=6.5 Hz, J" = 4.0 Hz, 3'-H), 2.34 ( ddd, 1H, J = 13.5 Hz, J'=7.5 
Hz, J"=6.0 Hz, 3'-H), 3.74 (dd, 1H, J = 12.0 Hz, J' = 3.0 Hz, 5'-H), 4.05 (dd. 1H, J = 12.0 Hz, J' = 3.0 Hz), 

30 4.62 (dddd, 1H, J = 7.5 Hz, J'=6.5 Hz, J"=J"' = 3.0 Hz, 4'-H), 4.70 (ddd, 1H, J=6.0 Hz, J'=4.0 Hz, J"=2.5 
Hz, 2'-H), 5.88 (bs, 1H, OH), 6.01 (d, 1H, J = 2.5 Hz, 1'-H), 6.15 (bs, 2H, NH 2 ). 8.30, 8.33 (2s. 2H, H-2, H-8); 
FAB MS, m/z366 (M + H)\ 136. 

Example 14 
35 ~~ ~~ 

Ne-Benzoyl-y-O-tt-butyldimethylsilyQ^^'-dideoxy^'-oxoadenosine 

To a stirred solution of 2.0 g (5.47 mmol) S'-O^t-butyldimethylsilyO-S^deoxyadenosine. the product of 
Example 13, in 11 mL of pyridine at room temperature was added 2.5 mL (21.9 mmol) of benzoyl chloride. 

40 After 2 h, 1 mL of methanol was added, the reaction mixture was diluted with ether, washed successively 
with water and 50% saturated aqueous sodium bicarbonated. and dried over magnesium sulfate.The organic 
phase was evaporated under reduced pressure and then coevaporated with several portions of n-heptane to 
afford 3.9 g of a foam. To a stirred solution of 3.8 g of this residue in 44 ml of dioxane were added 16.8 mL 
of 1 N aqueous NaOH. After 2 hours 5.6 mL additional 1 N aqueous NaOH were added, After a total of 2.5 

45 hours, the reaction mixture was neutralized with acetic acid.diluted with EtOAc, washed successively with 
water and saturated aqueous NaCI, dried over magnesium sulfate, and then concentrated under reduced 
pressure. Chromatography of the residue on silica gel with a 100:0 to 95:5 EtOAc/MeOH gradient afforded 
1.94 g (75 %) of Ne-benzoyl-S'-O-^butyldimethylsilylJ-S'-deoxyadenosine. To a stirred solution of 880 mg 
(1.87 mmol) of Ne-benzoyl-S'-O-ft-butyldimethylsilylJ-^-deoxyadenosine in 9 mL of DMSO and 9 mL of 

50 benzene at room temperature containing 1.80 g (9.37 mmol) of 1-(3-dimethylaminopropyl)-3-ethyl-car- 
bodiimide hydrochloride were added 4 portions of 0.03.1 mL (0.37 mmol) of dichloroacetic acid at 15 minute 
intervals. Fifteen minutes after the final addition, the reaction mixture was diluted with dichloromethane and 
washed with water adjusted to pH 3 with 1 N aqueous HCl. The aqeuous phase was extracted several times 
with dichloromethane, the combined organic extracts dried over magnesium sulfate, and then concentrated 

55 under reduced pressure. Chromatography of the residue on silica gel with a 75:25 to 100:0 EtOAc/hexane 
gradient afforded 694 mg (79 %) of the title compound: Colorless glass. R| = 0.40 (SG. EtOAc); [a] D 23 
-17.0* (c 1.25, CHCI3); IR (CDCI3) 3415. 2960. 2935, 2860. 1775, 1710. 1610. 1590. 1455. 1255, 1240. 1070 
cm- 1 ; 'H-NMR (300 MHz, CDCb. TMS = 0.00 ppm) 6 0.05, 0.07 (2s, 6H, (CHifeSi). 0.90 (s. 9H. (CH 3 )- 



1C 



EP 0 433 898 A2 



3 CSi), 2.86 (dd. 1H, J = 19.0 Hz, J'=7.5 Hz, 3'-H), 3.16 (dd, 1H. J = 19.0 Hz, J' = 7.5 Hz, 3'-H), 3.88 (dd, 1H, 
J = 11.5 Hz, J 1 = 4.0 Hz, 5'-H). 4.02 (dd, 1H, J = 11.5 Hz, J 1 = 3.5 Hz. 5'-H). 4.66 (dddd, 1H, J = J' =7.5 Hz. 
J" = 4.0 Hz, J"' = 3.5 Hz, 4'-H), 6.06. (s, 1H, V-H) , 7.52 (m, 2H, m-C 6 H 5 ), 7.61 (m, 1H, p-C s H 5 ), 8.02 (m, 
2H, o-CsHs), 8.11, 8.78 (2s, 2H, 2-H, + 8-H), 9.03 (bs, 1H, NH). DCI/NH 3 MS, m/z 468 (M + H) , 240; exact 
5 mass calcd for C 23 H 30 N 5 O*Si (M + H) + : 468.2067, found: 468.2067. 

Example 15 

Ne-Benzoyl-S'-O-ft-butyld^ 

To 660 mg (1.41 mmol) of Ne-benzoyl-S'-O^t-butyldimethylsilylJ^'.S'-dideoxy-Z-oxoadenosine, the 
product of Example 14 were added 13 mL of dimethylformamide dimethylacetal, and the resulting solution 
was immediately immersed in an oil bath which had been preheated to 60 °C.After 15 min, the reaction 
mixture was cooled to room temperature and concentrated under reduced pressure. Chromatography of the 
75 residue on silica gel with a 99:1 to 93:7 chloroform/methanol gradient afforded 617 mg (84 %) of the title 
compound: 

Light yellow oil. R ( = 0.32 (SG. 95:5 CHCI 3 : MeOH); M D 23 -58.1 # (c 1.65, CHCb); IR (CDCI3) 3405, 2955, 
2930. 2855, 1705, 1610, 1585, 1450, 1250. 1210 cm~ 1 ; 1 H-NMR(300 MHz, CDCI3. TMS = 0.00 ppm) 5 - 
0.11, -0.07 (2s, 6H, (CH 3 ) 2 Si), 0.81 (s, 9H, (CH 3 )3CSi), 3.21 (bs, 6H, (CH 3 ) 2 N), 3.84 (d, 2H, J = 5.0 Hz. S'-H), 
20 5.45 (ddd. 1H, J = J' = 5 Hz, J" = 1 Hz, 4'-H), 6.29 (s, 1H, V-H), 7.52 (m, 2H, m-C 6 H 5 ), 7.61 (m, 1H, p-CsHs), 
7.63 (d, 1H, J«1 Hz, NCH = C), 8.02 (m, 2H, o-C 6 H 5 ), 8.08 (s, 1H, 8-H), 8.84 (s, 1H, 2-H), 9.01 (bs. 1H, NH); 
FAB MS, m/z 523 (M + H)*, 240. 

Example 16 

25 

N6-Benzoyl-5 , -0-(t-butyldimethylsilyl)-2 , ,3 , -dideoxy-3 , -diazo-2 , -oxoadenosine 

A solution of trifluoromethanesulfonyl azide in 50 mL 1,2-dichloroethane (prepared from 6.0 mL (35.4 
mmol) of trifluoromethanesulfonic acid and 13.6 g of sodium azide according to the procedure of Step 5 of 

30 Example 22) was added to 600 mg (1.148 mmol) of N6-benzoyl-5 , -0-(t-butyldimethylsilyl)-2 , > 3 , -dideoxy-3'- 
(N , ,N , -dimethylaminomethylene)-2 , -oxoadenosine, the product of Example 15, and the resulting solution was 
heated a 60 ' C for 2 hours. The reaction mixture was then concentrated to a volume of 10 mL and applied 
to a silica gel column. Elution with a 1:3 to 100:0 EtOAc/hexane gradient, followed by elution with 1:9 
MeOH/EtOAc afforded 409 mg (72 %) of the title compound: Light yellow amorphous solid. Rj = 0.34 (SG, 

35 7:3 EtOAc:hexane); [a] D 25 -57.5 # (c 1.31, CHCI 3 ); IR (CDCI 3 ) 3405, 3005, 2955. 2930, 2855, 2115. 1700, 
1610, 1590, 1455, 1365, 1330, 1250 cm- 1 ; 1 H-NMR (300 MHz, CDCI3, TMS = 0.00 ppm) 5 0.10, 0.11 (2s. 
6H, (CH 3 ) 2 Si), 0.91 (s. 9H. (CH 3 ) 3 CSi). 4.02 (dd, 1H, J = 9.5 Hz, J' = 5.0 Hz. 5'-H),4.06 (dd. 1H. J = 9.5 Hz, 
J' = 7.S Hz. 5'-H), 5.44 (dd. 1H, J = 7.5 Hz, J' = 5.0 Hz, 4'-H), 6.37 (s, 1H, V-H), 7.53 (m, 2H, m-C s H 5 ), 7.62 
(m, 1H, p-CsHs), 8.02 (m, 2H, o-C 5 H 5 ), 8.07, 8.82 (2s, 2H, H-2, H-8), 9.00 (bs, 1-H, NH); FAB MS, m/z 494 

40 (M + H)*, 240; exact mass calcd for C 23 H 2 8N 7 0*Si (M + H)*: 494.1972, found: 494.1971. 

Example 17 

N6-Benzoyl-9-((2 t R, 3' R, 4 1 S^^-Methoxycarbonyh^-tt-butyldimethylsilyloxymethyQ-^-oxetanyljadenine 
45 ~~ 

A solution of 104 mg (0.211 mmol) of Ne-benzoyl-S'-O-ft-butyldimethylsilyO-^.S'-dideoxy-^-diazo^'- 
oxoadenosine. the product of Example 16. in 60 mL of methanol was purged with argon for 60 minutes and 
then irradiated with a 450 W Hanovia mercury arc lamp through a pyrex filter for 30 minutes at room 
temperature. An additional 114 mg (0.231 mmol) N6-benzoyi-5 , -0-(^butyldimethyisilyl^2 ? .3 , -dideoxy-3 , - 

50 diazo-2'-oxoadenosine. the product of Example 16. in 55 mL of methanol was purged with argon for 60 
minutes and then irradiated with a 450 W Hanovia mercury arc lamp through a pyrex filter for 25 minutes at 
room temperature. The resulting solutions were combined and concentrated under reduced pressure. 
Chromatography of the residue on silica gel with a 9:1 to 4:6 dichlormethane^acetone gradient followed by 
further chromatography on silica gel with 8:2 EtOAC'hexane afforded 53 mg (24 %) of the title compound: 

55 Colorless oil. R, = 0.41 (SG, 7:3 EtOAc:hexane); [a] D 25 -18.4" (c 1.59, CHCI 3 ); IR (CDCI 3 ) 3405. 2955. 
2930, 2860. 1740, 1710, 1610, 1585. 1455. 1250. 1240. 1215 cm -•; 'H-NMR (300 MHz. CDCI3. TMS = 
0.00 ppm) 5 0.18, 0.20 (2s, 6H, (CH 3 ) 2 Si). 0.97 (s. 9H. (CH 3 bCSi), 3.81 (s. 3H. OCH 3 ), 3.94 (dd. 1H. J= 12.5 
Hz. J'= 3.0 Hz, 5'-H). 4.13 (dd. 1H, J = 12.5 Hz. J' = 2.5 Hz. 5'-H), 4.54 (dd. 1H. J = 7.0 Hz. J' = 6.5 Hz. 2'-H). 
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490 (ddd. 1H. J=7.0 Hz, J'=3.0 Hz, J" = 2.5 Hz, 4'-H), 6.86 (d, 1H. 6.5 Hz. 1'-H), 7.54 (m, 2H, m-C 6 H 5 ), 
7.62 (m. 1H, p-CsHs), 8.03 (m. 2H, o-C s H 5 ), 8.68 (s, 1H, H-8), 8.84 (s. 1H, H ; 2). 9.03 (bs, 1H, NH); DCI/NH3 
MS, m/z 498 (M + N) + . 240; exact mass calcd for C 2 *H 32 N 5 0 5 Si (M + H) : 498.2173, found (FAB MS): 
498.2174. 

S 

Example 18 

9-((2' R, 3* R, 4' S)-3'-Hydroxymethyl-4'-(t-butyldimethylsilyloxymethyl)-2'-oxetanyl)adenine 

10 To a stirred solution of 32 mg (0.064 mmol) of N6-benzoyl-9-((2' R. 3' R, 4' SJ-S'-methoxycarbonyK^t- 
butyldimethylsilyloxymethyl)-2'-oxetanyl)adenine, the product of Example 17, in 2 mL of EtOH were added 
32 mg (0.845 mmol) of sodium borohydride. After 5 hours at room temperature, the reaction mixture was 
poaced in a - 20 ' C freezer for 70 hours, and then allowed to warm to room temperature. The reaction 
mixture was diluted with 50 mL of saturated aqueous NaCI, extracted with 3 x 75 mL portions of 

75 dichloromethane, dried over magnesium sulfate, and then concentrated under reduced pressure. 
Chromatography of the residue on silica gel with 95:5 chloroform/methanol afforded 17.2 mg (74 %) of the 
title compound: Colorless oil. R, = 0.31 (SG, 90:10 CHCI 3 :MeOH); [aj 0 25 +2.7' (c 0.59, CHCI3); IR (CDCta) 
3525 3415, 2955, 2925. 2855, 1630, 1580, 1470, 1250 cm" 1 ; 'H-NMR (300 MHz, CDCI 3 . TMS = 0.00 ppm) 
80.11. 0.13 (2s. 6H, (CH 3 ) 2 Si), 0.89 (s. 9H, (CH 3 ) 3 CSi). 2.07 (bs, 1H, OH). 3.58 (dddd. 1H. J-8.0 Hz. J' = 6.5 

20 Hz J"=5.5 Hz. J"' = 4.5 Hz. 2'-H), 3.77 (dd, 1H, J = 12.5 Hz. J'=3.0 Hz. 5'-H), 3.91 (dd. 1H. J = 11.5 Hz. 
J'=4.5 Hz. 3'-H). 4.00 (dd. 1H. J = 12.5 Hz. J' = 3.0 Hz. S'-H), 4.04 (dd. 1H, J = 11.5 Hz, J'=8.0, 3'-H), 4.69 
(ddd, 1H. J = 6.5 Hz, J'=J" = 3.0 Hz, 4'-H) , 5.84 (bs, 2H, NH 2 ), 6.48 (d. 1H, J=5.5 Hz. V-H). 8.31. 8.42 (2s. 
2H. H-2, H-8); DCI/NH3 MS, m/z 366 (M + H)*. 

25 Example 19 

9-((2' R, 3' R, 4' S)-3', 4'-Bis(hydroxymethyl)-2'-oxetanyl)adenine 

To a solution of 11.8 mg (0.0323 mmol) of 9-((2' R, 3' R. 4' S) -3Miydroxymethyl-4Mt-butyldimethyl- 
30 silyloxymethyl^'-oxetanyljadenine. the product of Example 18. in 2 mL of methanol at room temperature 
were added 0.008 mL of chlorotrimethylsilane. After 105 minutes, the reaction mixture was diluted 4 mL of 
methanol and then treated with a sufficient amount of a highly cross lined basic ion exchange resin 
(hydroxide form) so that the apparent pH of the solution on wet pH paper was 8. The resin was removed by 
filtration, and the filtrate concentrated under reduced pressure to afford 7.7 mg (95 %) of the title 
as compound: Amorphous white solid. R, = 0.20 (SG. 80:20 CHCI 3 :MeOH); [o] D 25 -41.3° (c 0.65. pyridine); 
'H-NMR (300 MHz. D 2 0. HOD = 4.80 ppm) « 3.81 (dddd. 1H. J =6 Hz, J' =6 Hz, J" = 6 Hz. J m =6 Hz, 2'- 
H). 3.84 (dd. 1H. J = 14 Hz. J'=3.0 Hz. 5'-H). 3.90 (dd. 1H, J = 14 Hz. J'=6 Hz, 3'-H). 3.93 (dd. 1H. J = 14.0 
Hz. J'=2.5 Hz. 5'-H).3.94 (dd. 1H. J=14 Hz. J'=6 Hz. 3'-H), 4.78 (ddd, 1H, J = 6.0 Hz, J'=3.0 Hz, J" = 2.5 
Hz 4'-H), 6.47 (d, 1H. J = 6.0 Hz. V-H). 8.12. 8.53 (2s. 2H, H-2. H-8); ,3 C-NMR (125.8 MHz. D 2 0. CH 3 CN = 
40 1.40 ppm.) 5 45.17. 59.61, 63.06, 79.83. 82.32. 119.10. 141.22. 148.94. 153.22. 156.08; FAB MS . m/z 252 
(M + H)*. 

Example 20 

45 9-((2* R. 3" R, £ S)-3'. 4'-Bis(hydroxymethyl)-2'-oxetanyl)guanine 

This compound was prepared by substituting 5'-0-(t-butyldimethylsilyl)-3'-deoxyguanosine (obtained by 
the treatment of 3'-deoxyguanosine with 1.2 equivalents of t-butyldimethylsilyl chloride in pyridine) for 5'-0- 
(t-butyldimethylsilyl)-3*-deoxyadenosine in Example 13 and following the procedures disclosed in Examples 
50 13-19. 

Example 21^ 

1-([2'R.3'R.4'S]-3'.4'-Bis(hydroxymethyl)-2'-oxetanyl)5-methyluracil 

55 

Step 1: 5-Methyl-3'-deoxyuridine 

2 , .5'-bis(0-(4* , -Chloro)benzoyl)-5-methyl-3 , -deoxyuridine (M. Saneyoshi. et al. Chem Pharm Bull . 30. 
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2223-7 (1982)) was deprotected in methanolic sodium methoxide. The 2\5'-bis(0-(4 n -chloro)benzoyl)-5- 
methyl-3'-deoxyuridine (12.53 g, 24.19 mmol) was dissolved in 1 L of methanol (MeOH) containing 2.613 g 
(48.38 mmol) of sodium methoxide. The reaction mixture was stirred at ambient temperature for approxi- 
mately 1.5 h. At this time TLC analysis on silica gel plates eluted with 10% MeOH in methylene chloride 
indicated that the reaction had gone to completion. The solution was concentrated under reduced presure 
and diluted with water. The aqueous solution was neutralized with Amberlite IR-120® acidic resin and the 
resultant suspension filtered. The filtrate was concentrated under reduced pressure and the residue taken 
up in dry pyridine. The pyridine was removed in vacuo and the residue redissolved in dry pyridine and 
reconcentrated in vacuo. The residue was dried in vacuo for approximately 64 h at ambient temperature to 
yield 8.6 g of the titie^ompound, which was taken on to the next step without purification. 

Step 2: S'-Oft-ButyldimethylsilyQ-S-methyl-S'-deoxyuridine 

S-Methyl-S'-deoxyuridine, from Step 1, was dissolved in 150 mL of dry pyridine and 3.6 g (24 mmol) of 
t-butyldimethylsilyl chloride was added in 4 portions at 4 times (t): t=0 h, t=2 h, t=3 h and at t=3.75 h. 
After 4.5 h, 8 mL of methanol was added to the reaction mixture and the reaction mixture was stirred for 0.5 
h, then concentrated under reduced pressure to approximately 25% of volume. The concentrated reaction 
mixture was diluted with ethyl acetate, washed with dilute aqueous sodium bicarbonate solution and then 
concentrated under reduced pressure. The residue was purified by column chromatography on a 5 cm x 37 
cm silica gel column eluted with 90% ethyl acetate in hexane. The fractions containing the desired product 
were combined and concentrated in vacuo to give 7.27 g (84.4% yield based on 24.19 mmol of ^5'-bis(0- 
(4"-chloro)benzoyI)-5-methyl-3'-deoxyuridine) of 5 , -0-(t-butyldimethylsiiyl)-5-methyl-3 , -deoxyuridine, W D = 
■ 19.6* (c, 1.42, MeOH). Analysis calculated for CisHzsNsOsSi: C, 53.98; H, 7.91; N, 7.87. Found: C. 54.01; 
H, 7.85; N, 7.79. 

Step 3: S^O-Ct-ButyldimethylsilyQ^'.S'-dideoxy-S'methyl^'-oxo-uridine 

Chromium trioxide (7.63 g, 76.3 mmol) was added to 150 mL of dry methylene chloride containing 
12.059 g (152.6 mmol) of pyridine. The mixture was stirred for 15 minutes. In a separate flask, 793 mg 
(19.08 mmol) of S'-O-ft-butyldimethylsilylhS-methyl-S'-deoxyuridine from Step 2 was dissolved in approxi- 
mately 100 mL of methylene chloride. The chromium trioxide-pyridine solution was added to the solution of 
S'-ft-butyldimethylsilyO-S-methyl-S'-deoxy-uridine and 1.946 g (19.08 mmol) of acetic anhydride was added 
immediately. After stirring at ambient temperature for 0.5 h, the reaction mixture was diluted with 
approximately 250 mL of ethyl acetate then filtered through Celite filter aid and through florisil eluted with 
ethyl acetate. The solvent was evaporated and the residue purified on silica gel eluted with 90% ethyl 
acetate in hexanes. The title compound was obtained in 59.6% yield (4.08 g), W§ 3 = +38.0 (c, 1.31, 
MeOH). Analysis calculated for CisHaeNaOsSi: C, 54.24; H. 7.34; N, 7.91. 
Found: C. 54.25; H, 7.36; N, 7.88 

Step 4: 5 , -Q-(t-Butyidimethylsilyl)-2\3 , -dideoxy-3 , -(N ( N-dimethylaminomethylene)-5-methyl-2 , -oxo-uridine 



S^OKt-Butyldimethylsilyl^'.S'-dideoxy-S-methyl-Z-oxo-uridine (3.854 g, 10.9 mmol) from Step 3 was 
dissolved in 50 mL of dry dimethylformamide (DMF) and 1.74 mL (1.56 g. 13.1 mmol) of N.N-dimethylfor- 
mamide dimethylacetal was added. The reaction mixture was heated in an oil bath at 50 C for 40 min. The 
solvent was evaporated in vacuo and the residue purified on a silica gel column, the product eluting with 
5% methanol in methylene chloride to give 2.512 g (56.3% yield) of the title compound, [aft 3 = -84.2 (c, 
1.44, MeOH). DCl MS M/Z: (M + H)* 410. 

Step 5: S'-O-tt-Butyldimethylsilyi^.S'-dideoxy-S'-diazo-S-methyl-^-oxo-uridine 

5^0-{t-Butyidimethylsilyl)-2\3'-dideoxy^^ 
(2.512 g, 6.1 mmol). from Step 4, was dissolved in 10 mL of 1 ,2-dichloroethane and a freshly prepared 
solution of trifluoromethanesulfonyl azide was added. The trifluoromethanesulfonyl azide solution was 
prepared as follows: Sodium azide (19.8 g, 0.305 mol) was dissolved in 50 mL of water and 62 ml of 1.2- 
dichloroethane was added. The mixture was cooled in an ice bath and 17,2 g (61 mmol) of trifluor- 
methanesulfonyl anhydride was added dropwise. After the addition was complete, the mixture was stirred at 
0* C for 2 h. 1,2-Dichloroethane (10 mL) was added, the layers separated and the aqueous layer extracted 
with 2 X 5 mL of 1,2-dichloroethane. The combined organic layer was washed with 1 N sodium hydroxide 
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solution and brine, dried over anhydrous magnesium sulfate and filtered. 

The reaction mixture was heated in an oil bath at 60° C for 2 h and concentrated (to approximately 30 
mL) under reduced pressure. The solution was chromatographed on a silica gel column (3.0 X 30 cm) 
eluted with 50% ethyl acetate in hexanes. The product obtained was repurified on a silica gel column (3.0 X 
31 cm) eluted with 2% methanol in methylene chloride to give 1.74 g (75.1% yield) of the title compound, 
W§ 3 = +3.7* (c, 1.23, MeOH). Analysis calculated for CiB^N^OsSi: C, 50.28; H, 6.30; N, 14.73. 
Found: C, 50.28; H, 6.30; N, 14.73. 

Step 6: l-fljfflgM^^ 

5 , -0-(t-Butyldimethylsilyl)-2 , t 3 , -dideoxy-3 , -dia20-5-methyl-2 , -oxo-uridine (1.638g, 4.31 mmol), from Step 
5, was dissolved in 1.5 L of methanol. The methanol solution was added to a water-cooled pyrex photolysis 
cell and nitrogen was passed through for 20 minutes. It was then irradiated in 150 mL batches for 20 
minutes with a 450 W Hanovia lamp. The solutions were agitated during the irradiation by bubbling nitrogen 
through them. The individual batches were checked by TLC (on silica gel plates eluted with 90% ethyl ^ 
acetate in hexanes) then combined and concentrated under reduced pressure. The residue was purified by 
chromatography on silica gel eluted with 50% ethyl acetate in hexanes to give 0.858 g (51.8% yield) of the 
title compound, [a]g 3 = -2.9° (c, 1.19, MeOH). Analysis calculated for CwHzsNzOsSi: 
C, 53.12; H. 7.29; N, 7.29. Found: C, 52.97; H, 7.28; N, 7.26, 

Step 7: l-flgTUH^ 

l-flZaffR^'SMXC-Butyld 
(0.597 g,1.55"mmol), from Step 6 r was dissolved in 10 mL of ethanol with cooling in an ice bath. Sodium 
borohydride (0.586 g, 15.5 mmol) was added and the reaction mixture was stirred for 0.5 h. The reaction 
mixture was then diluted with methylene chloride and washed with pH 6 phosphate buffer solution. The 
organic layer was washed with brine, dried over anhydrous magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was purified on a silica gel column (3x18 cm) eluted with 90% ethyl 
acetate in hexanes to give 0.28 g (50.7% yield) of the title compound, [a]§ 3 = +14.9 (c, 0.57, MeOH). 
Analysis calculated for detesNaOsSi: C, 53.98; H, 7.92; N, 7.87. 
Found: C. 53.77; H, 7.86; N, 7.77. 

Step 8: 1-([2 , R,3 , R,4 , S]-3 , ,4 , -Bis(hydroxymethyl)-2 , -oxetanyi)-5-methyl-uracil 

l-flZR.ffR^SK-flt-^ (°- 102 
g, 0.287 molfwas dissolved in dry THF and 90.45 mg (0.29 mmol) of tetra-n-butylammonium fluoride was 
added. The mixture was stirred at ambient temperature for 2 h and 16.4 ,L of glacial acetic acid was added. 
The resultant solution was concentrated in vacuo, Water was added to remove the residual THF as an 
a2eotrope with water. The residue was dissolved in water. A reverse phase chromatography column was 
prepared by slurrying 43 g of C-18 packing material in methanol and pouring the slurry into a 2.2 X 26 cm 
column. The column was washed with 400 mL of water prior to applying the aqueous solution of the crude 
product The column was eluted with 180 mL of water, 100 mL of 5% methanol in water and 50 mL of 10% 
methanol in water to give 66 mg (95% yield) of the title compound, 

k]23 _ +28.06° (c 0.955. MeOH); FAB MS, M/Z: 243 (M + H)* ; exact mass calculated for CioHisN 2 0 5 : 
243.0981 (M + H)\ Found: 243.0982; 'H NMR (CD 3 OD) d 1.91 (d, 3H, J = 1.5 Hz), 3.30 (m, 1H, obscured by 
CD 2 HOD), 3.64 (dd. 1H, J = 13 Hz, J" = 3 Hz), 3.74 (dd, 1H, J-115 hz, J' = 5 Hz), 3.79 (dd, 1H t J-11.5 Hz, 
J' = 5 Hz), 3.84 (dd, 1H, J = 13 Hz, J' = 2.5 Hz), 4.55 (ddd, 1H, J =7 Hz, J' =2.5 Hz, J" = 3 Hz), 6.34 (d, 1H, 
J = 6Hz), 8.33 (q, 1H, J = 1.5 Hz). 

Example 22 

l-t^'R^'R^'ShS'^'-Bis^ydroxymethyO^^oxetanyQcytosine 

Step 1: 4-(N-Acetyl)-2 , t 5 , 'bis(Q-(4 n -chloro)benzoyl)-3 , -deoxycytidine 

4-N-Acetyl cytosine (1.935 g, 12.6 mmol), prepared as described by P.Angibeaud, et al. in Carbohy- 
drate Research, 78, 195-204 (1980). was dissolved in 100 mL of hexamethyldisilazane containing 50 mg of 
ammonium sulfatTand the solution was heated at reflux temperature for 3 h. Solvent was then removed by 
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azeotropic distillation with toluene. The residue was dried in vacuo for 1 h and then dissolved in 30 ml_ of 
acetonitrile. l-O-Acetyl^.S-bis^^-chloroJbenzoyO-y-deoxyribose (5.145 g, 11.4 mmol) dissolved in 30 
mL of acetonitrile was added, followed by 3.85 g (1.73 mL, 14.8 mmol) of tin tetrachloride. The solution was 
stirred at ambient temperature overnight and the solvents evaporated under reduced pressure. Saturated 

5 aqueous sodium bicarbonate solution was added to neutralize the residue and ethanol was added before 
removing the water under vacuum. The solid residue was extracted three times with hot acetone. The 
combined filtrate (the acetone solution) was concentrated under reduced pressure and the residue triturated 
with isopropyl alcohol to give 3.70 g of the desired product. A small amount (0.438 g) of the desired product 
also crystallized from the isopropyl alcohol "mother liquor". The solid which had been extracted with hot 

to acetone was found to contain additional product which was extracted with two portions of methylene 
chloride. The total yield of 4-(N-acetyl)-2' l 5 , -bis(0-(4 w -ch!oro)benzoylh3'-deoxycytidine was 5.01 g (84.5% 
yield). 

The l-O-acetyl-a^-bistO^^-chloroJbenzoylJ-S'-deoxyribose used in the above synthesis was prepared 
as follows: Adenosine was converted to 2 l ,3 , -dideoxy-2 , ,3 , -epoxyadenosine by the method described by F. 

75 Hansske and J. Robins in Tetrahedron Letters , 4295-8 (1985) using 100:1 acetonitrile:water as solvent, not 
10:1 as reported. The epoxide was reduced to 3'-deoxyadenine as described in the same reference, using 
2.1 equivalents of lithium triethylborohydride in THF, instead of the 12.5 equivalents of lithium triethyl- 
borohydride in DMSO reported. Benzoyl protecting groups were introduced as described by M. Sanyoshi, 
et al. in Chem Pharm Bull, 30, 2223-7 (1982) and the sugar was cleaved from the purine base as described 

20 in the san^fer^eT^hlhe exception that 1 equivalent, not 15 equivalents as reported) of concentrated 
sulfuric acid was used. 

Step 2: S'-O-tt-ButyldimethylsilylhS'-deoxycytidine 

25 4-(N-Acetyl)-2 , ,5 , -bis(0-(4"-chloro)benzoyl)-3 , -deoxycytidine (5.0 g, 9.6 mmol), from Step 1. was treated 
with 200 mL of methanol and 200 mL of concentrated ammonium hydroxide at 55* C for 5.5 h. The solvent 
was evaporated under reduced pressure and the residue dried under vacuum overnight. The dry residue 
was dissolved in 40 mL of dry pyridine and 1.447 g (9.6 mmol) of t-butyldimethylsilyl chloride was added. 
After the reaction mixture was stirred at ambient temperature for 50 minutes a second 9.6 mmol portion of t- 

30 butyldimethyisilyl chloride was added, followed by 1.632 g (24 mmol) of imidazole. After stirring the reaction 
mixture for approximately 3 h, 5 mL of methanol was added and the solution stirred for approximately 0.5 h. 
The solution was concentrated under reduced pressure to approximately 1/3 of original volume and diluted 
with methylene chloride. The resultant solution was partitioned between saturated aqueous sodium bicar- 
bonate and ethyl acetate and the layers separated. The organic layer was dried over anhydrous magnesium 

35 sulfate, filtered and concentrated in vacuo . The residue was purified on a silica gel column (3 X 30 cm) 
eluted with 10% methanol in methylene chloride. Fractions containing the incompletely purified product 
were combined, concentrated under reduced pressure and rechromatographed on a silica gel column (2 X 
40 cm) eluted with 10% methanol in methylene chloride to give the desired product. The pure product from 
the first and second column were combined to give 1.38 g (42% yield) of ^-O-tf-butyldimethylsilyl)-^- 

40 deoxycytidine. MS DCI M/Z: 342 (M + H)\ 

Step 3: 5'-Q-(t-Butyldimethylsilyl^ 

y-O-ft-ButyldimethylsilyO-S'-deoxycytidine (0.49 g, 1.473 mmol). from Step 2, was dissolved in 15 mL 
45 of dimethyformamide containing 1.33 mL (10 mmol) of N,N-dimethylformamide dimethyl acetai and the 
solution was stirred at ambient temperature for 4 h. The solvent was removed in vacuo to give S'-O-tt- 
butyldimethylsilyO-^-deoxy^-tN^N'.N'-dimethyOaminomethyleneJ-cytidinewhich was taken on without pu- 
rification. 

Dimethylsulfoxide (209 /iL, 2.70 mmol) was added to 8 mL of dry methylene chloride and the solution was 
50 cooled in a dry ice-acetone bath. Oxalyl chloride (193 /*L, 2.21 mmol) was added, followed by (after 17 
minutes) S'-O-a-butyldimethylsilyO-S'-deoxy^N^N'.N'-dimethyOaminomethyleneKytidine dissolved in 4 
mL of methylene chloride. After stirring the reaction mixture for 35 minutes at -78* C, 819 /iL of 
triethylamine was added and after an additional 45 minutes, approximately 3 mL of 10% aqueous citric acid 
solution was added. The reaction mixture was then allowed to warm to ambient temperature and diluted with 
55 methylene chloride, washed with 10% citric acid solution, saturated aqueous sodium bicarbonate solution 
and brine, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure to 
give 0.61 g of the title compound, which was taken on to the next step without purification. 
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ste p 4 : S'-O-ft-Butyldimethylsil^ 
dimethylamiFomethyiene)-2'-oxo-cytidine 

S'-O-ft-Butyldimethyfei^ from Ste P 

3 was dissolved in 5 mL of dimethylformamide and 1.37 mL (10.3 mmol) of N,N-dimethylformamide 
dimethyl acetal was added. The solution was stirred at ambient temperature for 4.33 h and concentrated in 
vacuo to give 0.66 g of title compound, which was taken on to the next step without purification. 

Step 5: S^-ft-Bu^^ 
cytidine "" 

Trifluoromethanesulfonyl azide was prepared as follows: Trifiuoromethanesuifonyl anhydride (3.72 mL, 
22.1 mmol) was added slowly to a mixture of 7.182 g (10.5 mmol) of sodium azide in 18 mL of water and 
21 mL of 1,2-dichloroethane. cooled in an ice bath. The mixture was stirred in an ice bath for 2 h, diluted 
with 4 mL of 1 ,2-dichloroethane and the layers separated. The aqueous layer was extracted with 2 x 4 mL 
of 1,2-dichloroethane. The combined organic extract was washed with 1 M aqueous sodium hydroxide 
solution and brine, dried over anhydrous magnesium sulfate. S^O-ft-ButyldimethylsilyO^'.S'-dideoxy-^tN- 
(N , ,N , -dimethylamino)methylene)-3 , -(N r 1 N , -dimethylamino)methylene)-2 , -oxo-cytidine from Step 4 was added 
to 20 mL of the trifluoromethanesulfonyl azide solution and the reaction mixture was heated in a 60 C oil 
bath for 2 h, filtered and partially concentrated under reduced pressure. The residue was purified by flash 
chromatography on a silica gel column (1.5 X 33 cm) eluted with 5% methanol in methylene chloride to 
give the title compound MS DCI M/Z: 421 (M + H)*. 

Step 6: S^O^ButyldimethylsilyQ-S^diazo^'.S'-dideoxy^'-oxo-cytidine 

5M>(t-Butyldimethylsilyl)-3'-diazo-2^ 
(1.4 g (3.3 mmol), from Step 5, was dissolved in 500 mL of methanol and 104 mg pyridinium p-tosylate was 
added. The resultant solution was allowed to stand at ambient temperature overnight then concentrated to 
approximately 75 mL, diluted with ethyl acetate, washed with saturated aqueous sodium bicarbonate 
solution and brine, dried over anhydrous magnesium sulfate, filtered and concentrated. The residue was 
purified on a silica gel column (3 x 24 cm) eluted with 5% methanol in methylene chloride, followed by 10% 
methanol in methylene chloride to give 709 mg (59% yield) of the title compound. MS DCI M/Z: 366 
(M + H)*. 

Step 7: l-ffgayR.^SH'-Ut-Buty^ 

5 , -0-(t-Butyidimethylsiiyl)-3 , -diazo-2 , ,3 , -dideoxy2 , -oxo-cytidine (0.610 g, 1.67 mmol), from Step 5, was 
dissolved in 650 mL of methanol. The methanol solution was added to a water-cooled pyrex photolysis ceil 
and nitrogen was passed through for 20 minutes. It was then irradiated in 160 mL batches for 20 minutes 
with a 450 W Hanovia lamp. The solutions were agitated during the irradiation by bubbling nitrogen through 
them. The individual batches were checked by TLC (on silica gel plates eluted with 90% ethyl acetate in 
hexanes) then combined and concentrated under reduced pressure. The residue was purified by 
chromatography on silica gel (1.5 X 30 cm) eluted with 5% methanol in methylene chloride to give 188 mg 
(30% yield) of the title compound. MS DCI M/Z: 370 (M + H)\ 

Step 8: ^([^R.S'R.^Sh^^^ButyldimethylsilyOoxymethyO'S'-hydroxymethyl^'-oxetanyOcytosine 

1^[2'R,3 , R 1 4 , SM , -((t-Butyldta ( 249 m 9- 

0.674 mmol) Jobtained by combining the product of Step 6 above and another batch of the same product 
prepared by the same method) was dissoved in 25 mL of absolute ethanol and the resultant solution was 
cooled in an ice bath. Sodium borohydride (260 mg, 6.87 mmol) was added to the above solution and the 
reaction mixture was stirred for 2.25 h. The reaction mixture was then diluted with 125 mL of methylene 
chloride and the resultant solution was washed with pH 6 phosphate buffer. The phases were separated and 
the organic layer was washed with brine, dried over anhydrous magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue (236 mg) was purified by flash chromatography on a silica gel column 
(1.0 X 22 cm) eluted with a step-gradient of 5%, 10% and 20% methanol in chloroform to afford 180 mg 
(78.3% yield) of the title compound. MS DCI M/Z: 342 (M + H)\ 370 (M + C 2 H 5 f 
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Step 9: l^t^R.a'R.^Sl-S'.^-Bis^ydroxymethyQ-a'-oxetanyQcytosine 

1 -([a'R.a'R^'Sl-^^^ButyldimethylsilyOoxymethyO-a'-hydroxy methyl-^-oxetanyOcytosine (83 mg, 0.243 
mmol) from Step 7 above, was dissolved in 2 mL of dry THF and 77 mg (0.243 mmol) of n-butylammonium 
fluoride was added. Immediately upon addition of the n-butylammonium fluoride, the solution became turbid 
and a precipitate formed. After stirring at ambient temperature for 0.5 h, the reaction mixture was diluted 
with methylene chloride containing 14 /iL (0.243 mmol) of glacial acetic acid. Methanol was added to form a 
solution. The solvents were evaporated in vacuo and the residue dissolved in water. The aqueous solution 
was purified on a reverse phase (Ci 8 ) column packed with water and eluted with water followed by 5% 
methanol in water to afford 36.9 mg (66.9% yield) of the title compound, [a]g 3 = +64.4* (c, 0.83, H 2 0). MS 
DCI M/Z: 228 (M + H)\ 1 H NMR (CD 3 OD) b 3.07 (dddd, 1H. J=J' = J n = J M, = 6 Hz), 3.61 (dd, 1H, J = 13 Hz, 
J' = 3 Hz), 3.80 (dd, 1H, J = 13 Hz, J' = 3 Hz), 3.83 (d, 2H, J = 6 Hz), 4.60 (ddd, 1H. J=6 Hz, J' = J" = 3 Hz), 
5.94 (d. 1H, J = 8 Hz), 6.20 (d, 1H, J = 6 Hz), 8.30 (d, 1H, J = 8 Hz). 

Example 23 

1-([2 , R,3'R,4 , S]-3 , ,4 , -Bis(hydroxymethyl)'2 , -oxetanyl)uracil 
Step 1: S'-O-Benzoyl-y-deoxy-g-ephy-iodouridine 

1-(5 , -0-Benzoyl-2 l ,3 , -epoxy-fl-D-lyxo-furanosyl)uracil, prepared as described in Codington, et al. J Org 
Chem, 27, 163 (1962), (2.0 g, 6.1 mmol), anhydrous sodium iodide (2.4 g, 16 mmol), glacial acetic acid (8.0 
rTfirand~2-butanone (100 mL) were combined at ambient temperature and heated at reflux temperature 
under nitrogen for approximately 19 h. The reaction mixture was concentrated in vacuo and the residue was 
triturated with 100 mL of water containing approximately 50 mg of sodium thiosulfate. The solution was 
decanted and then the residue was dissolved in ethyl alcohol. The ethyl alcohol solution was concentrated 
under reduced pressure and the residue (2.67 g) was dissolved in methanol. The methanol solution was 
adsorbed onto 4 g of silica gel in vacuo at 40 # C and applied to a silica gel column (2.8 X 50 cm). The 
column was eluted at 10 psi with SOOmTof 5% methanol in methylene chloride followed by 500 mL of 10% 
methanol in methylene chloride to give 2.4 g (86% yield) of the title compound. MS DCI: 459 (M + H) . 476 
(M + NH*)*. 

Step 2: S'-OBenzoyl-^-epi-y-deoxyuridine 

S'-O-Benzoyl-S'-deoxy-^-epi^-iodouridine (15.0 g, 32.7 mmol), from Step 1, was dissolved in 200 mL 
of freshly distilled tetrahydrofuran (THF) and 12.4 g (42.6 mmol) of tri-n-butyltin hydride was added. The 
reaction mixture was stirred at ambient temperature for 2 h under a nitrogen atmosphere. The solvent was 
removed in vacuo and the residue was dissolved in 1.5 L of acetonitrile. The acetonitrile solution was 
washed with TX250 mL of hexane and concentrated to a white solid. The solid was dissolved in 100 mL of 
boiling absolute ethanol and precipitated from the ethanol solution at 4*C. The precipitate was filtered and 
dried to constant weight to give 9.25 g (87% yield) of the title compound. MS DCI: 333 (M + H)\ 350 
(M + NH4)*. 

Step 3: ^-epi-S'-Deoxyuridine 

S'-O-Benzoyl-^-epW-deoxyuridine (15.0 g, 32.7 mmol) was combined with 5.65 g of anhydrous 
potassium carbonate in 200 mL of methanol. The mixture was stirred at ambient temperature for 2 h under 
a nitrogen atmosphere, neutralized with acidic resin, filtered and concentrated under reduced pressure. The 
residue was dissolved in dry pyridine and reconcentrated. The product was then taken on to the next step 
without purification. 

Step 4: S'-O-^ButyidimethylsilyO-^-epi-S'-deoxyuridine 



2'-epi-3'-Deoxyuridine. from Step 3, was combined with 250 mL of dry pyridine and 10.5 g (69.7 mmol) 
of t-butyldimethylsilyl chloride and the resultant solution was stirred at ambient temperature overnight under 
a nitrogen atmosphere. Solvent was removed in vacuo and the residue (29 g) was purified by flash 
chromatography (2 psi) on a silica gel column (6 X 35 cm) eluted with 1 .5 L of methylene chloride followed 
by 4 L of 5% methanol in methylene chloride to give 15.96 g (89% yield) of the title compound as a syrup. 
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MS DCI: 343 (M + H)* , 360 (M + NhU)*. 

Step 5: y-O^t-ButyldimethylsilyO-a'^'-dideoxy^^oxo-uridine 

5 Chromium trioxide (3.6 g, 36 mmol) was added to 84 mL of freshly distilled methylene chloride 
containing 5.8 mL of dry pyridine and the mixture was stirred for 15 minutes at ambient temperature under 
a nitrogen atmosphere. In a separate flask, 3.0 g (8.8 mmol) of 5 , -0-(^butyldimethylsilyl)-2 , -epi-3 , - 
deoxyuridine from Step 4 was dissolved in 60 mL of methylene chloride. The chromium trioxide-pyridine 
solution (63 mL) was added to the nucleoside solution, followed immediately by the addition of 2.5 mL of 

10 acetic anhydride. The reaction mixture was stirred at ambient temperature for 45 minutes under a nitrogen 
atmosphere, then diluted with 1 L of ethyl acetate, filtered and passed through florisil (approximately 120 
mL). Solvent was removed in vacuo and the residue (3.2 g) was dissolved in 10 mL of methylene chloride 
and purified by flash chromatography (5 psi) on a silica gel column (2.6 X 43 cm) eluted with 0.5 L of 
methylene chloride, 0.5 L of 2% methanol in methylene chloride and 0.5 L of 5% methanol in methylene 

75 chloride to give 2.22 g (74% yield) of the title compound as a syrup. MS DCI: 341 (M + H) . 

Step 6: 5 , 'Q-(t"Butyldimethylsilyl)-2\3 , -dideoxy'3 , -(N,N<limethylaminomethylene)-2 , ^xo'uridine 

^-OKt-ButyldimethylsilylJ-^^.-dideoxy-Z-oxo-uridine (2.2 g, 6.45 mmol) was dissolved in 25 mL of dry 
20 dimethylformamide (DMF) and 0.85 g (7.1 mmol) of N.N-dimethylformamide dimethyl acetal was added. 
The reaction mixture was heated to 50 °C under a nitrogen atmosphere and stirred for 0.5 h. The solvent 
was removed in vacuo and the residue (3.2 g) was dissolved in methylene chloride and purified by flash 
chromatography (TpsT) on a silica gel column (2 X 25 cm) eluted with 200 mL of methylene chloride, 200 
mL of 2% methanol in methylene chloride and 200 mL of 5% methanol in methylene chloride to give 1 .78 g 
25 (70% yield) of the title compound. MS DCI: 396 (M + H)* , 418 (M + Naf 

Step 7: s^O-tt-Butyldimethylsilyl^^'-dideoxy-y-diazo^^oxo-uridine 

Trifluoromethanesulfonyl anhydride (12.7 g, 7.6 mL 45 mmol) was added slowly to a solution of 14.4 g 
30 of sodium azide in water:1,2-dichloroethane (1:1, 45 mL/45mL) at 0° C. This mixture was stirred vigorously 
for 3 h under a nitrogen atmosphere, then diluted with 45 mL of water. The layers were separated and the 
aqueous layer was extracted with 2 X 45 mL of 1,2-dichloroethane. The combined organic layer was 
washed with 45 mL of 5% aqueous sodium bicarbonate solution, 45 mL of brine, dried over anhydrous 
magnesium sulfate and filtered to yield 135 mL of trifluoromethanesulfonyl azide solution. 
35 s^O-tt-ButyldimethylsilyO^'.S'-dideoxy-S'^N.N-dimethylamino-methylene^-oxo-uridine (1.78 g, 4.5 
mmol), from Step 6, was added to the trifluoromethanesulfonyl azide solution and the reaction mixture was 
heated at 60* C for 2.5 h under a nitrogen atmosphere. The solvents were evaporated in vacuo to a syrup 
(2.8 g) which was dissolved in 10 mL of methylene chloride and purified by flash chromatography (5 psi) on 
a silica gel column (2 X 35 cm) eluted with 200 mL of methylene chloride, 200 mL of 1% methanol in 
40 methylene chloride, 200 mL of 2% methanol in methylene chloride and 3% methanol in methylene chloride 
to give 1 .27 g (77 % yield) of the title compound. MS DCI: 367 (M + Hf . 

Step 8: i-[2 , R.3 , R.4 t S>4 , -((t-Butyldimethylsilyl)oxymethyl)-3 , -me^ 

45 S^O-ft-Butyldimethylsilyl^'.^dideoxy-^-diazo-^-oxo-uridine (1.27 g, 3.47 mmol). from Step 7, was 
dissolved in 155 mL of methanol and nitrogen gas was passed through the methanol solution for 
approximately 20 minutes. The methanol solution was then irradiated by a 450 W Hanovia lamp for 25 
minutes in a water-cooled pyrex photolysis cell then concentrated under reduced pressure. The residue 
(1.26 g) was dissolved In 5mL of methylene chloride and purified by flash chromatography (5 psi) on a silica 

so gel column eluted with 250 mL of methylene chloride. 500 mL of 1% methanol in methylene chloride and 
500 mL of 2% methanol in methylene chloride to give two isomeric products. The title compound, the 
(PR.yR.^S) isomer, was obtained in 47% yield (604 mg). MS DCI: 371 (M + H)\ 
(2 , R.3 , R.4'S) isomer, was obtained in 47% yield (604 mg). 

55 Alternate procedure: Base-catalyzed equilibration of the 3'-carbomethoxy epimers (produced by the 
photochemically induced ring contraction of the diazoketone of step 7) to yield a greater predominance of 
the (2'R, 3'R, 4'S) isomer 
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To a stirred solution of 3.89 g of the crude photolysate (produced by irradiating 3.6 g (9.8 mmol) of the 
diazoketone of Step 7 of Example 23 in 3.3 L of MeOH according to the procedure of Step 6 of Example 21 
followed by evaporation of methanol) in 75 mL of acetonitrile was added 1.76 mL (11.8 mmol) of 1,8- 
diazabicyclo[5.4.0]undec-7-ene, and the resulting mixture was heated at 45 * C. After 35 min, TLC analysis 
indicated complete conversion of the 2'R, 3'S, 4'S isomer to the 2'R, 3'R, 4'S isomer, and the reaction 
mixture was then poured into dichloromethane, washed with pH 6 phosphate buffer, dried over MgS04, and 
then concentrated under reduced pressure. Chromatography of the residue on silica gel with a 100:0 to 98:2 
CH 2 CI 2 /MeOH gradient afforded 2.0 g (55 % from the diazoketone) of the title compound. 

Step 9: HgR.frR.^SH'-Kt-Butyl^^ 

H^R^R^SM'-Kt-Bu^ (°- 595 9. 1 -61 

mmol), from*Step 8, was dissolved in 60mL of absolute ethanol and the ethanol solution was cooled, with 
stirring under a nitrogen atmosphere, to 0*C. Sodium borohydride (0.6 g) was added and the reaction 
mixture was stirred for 0.5 h then diluted with 250 mL of methylene chloride. The solution was washed with 
100 mL of pH 6 phosphate buffer solution, 100 mL of brine, dried over anhydrous magnesium sulfate, 
filtered and concentrated under reduced pressure. The residue (0.563 g) was dissolved in 2 mL of 
methylene chloride and purified by flash chromatography (5-10 psi) on a silica gel column (1 x 45 cm) 
eluted with 100 mL of methylene chloride and 100 mL of 5% methanol in methylene chloride to give 0.5 g 
(92% yield) of the title compound. MS DCI: 343 (M + H)\ 365 (M + Naf. 

Step 10: 1-([2 , R,3 t R t 4 , S1-3 , ,4 , -Bis(hydroxymethyl)-2 , -oxetanyl)uracil 

1 -[2 , R,3 , R,4 , Sh4 , -((t-Butyldimethylsilyl)oxymethyl)-3 , -hydroxymethy l-2 , -oxetanyi)uracil (0.5 g, 1 .46 
mmol), frbm"Step 9. was dissolved in 10 mL of THF and 0.5 g (1.58 mmol) of tetra-n-butylammonium 
fluoride was added. The solution was stirred at ambient temperature for 2 h under a nitrogen atmosphere 
then concentrated under reduced pressure. The residue was dissolved in 50 mL of methylene chloride and 
4 mL of 2% glacial acetic acid in methylene chloride was added. The solvent was removed under reduced 
pressure and the residue purified by flash chromatography (5 psi) on a silica gel column (1 X 45 cm) eluted 
with 100 mL of methylene chloride, 100 mL of 5% methanol in methylene chloride and 200 mL of 10% 
methanol in methylene chloride to give 150 mg (45% yield) of the title compound, [a]g 3 = + 61* (c, 1.05, 
H 2 0). MS DCI: 229 (M + H)*, 246 (M + NH*f . Analysis calculated for C9H12N2O5: 

C, 47.36; H, 5.30; N, 12.28. Found: C, 47.24; H, 5.29; N, 12.11. 1 H NMR (D20, HOD = 4.80 ppm) 5 3.32 
(dddd, 1 H, J=7 Hz, J' = J"=J"" = 6 Hz, CHCHCH), 3.74 (dd, 1 H, J = 13.5 Hz, J f = 4 Hz, OCHCHHOH), 3.86 
(dd, 1 H, J = 13.5 Hz, J' = 3 Hz, OCHCHW0H), 3.88 (dd, 1 H, J = 12.5 Hz, J' = 5 Hz, OCHCHCHHOH), 4.69 
(ddd, 1 H, J=7 Hz, J' = 4 Hz, J B = 3 Hz, OCWCH 2 OH), 5.93 (d, 1 H, J = 8 Hz, NCH = CW), 6.33 (d, 1 H. J = 6 
Hz, OCWN), 8.26 (s, 1 H, NCW=CH). 

Example 24 

1-([2 , R,3 , R,4 , S]-4 , -Hydroxymethyl-3 , -methyl-2 , -oxetanyl)-5-methyl-uracil 

ipj^R^R^SK^ < 1 - 8 

g) the product oTstep 7 of Example 21, is dissolved in 8 ml of methylene chloride under a nitrogen 
atmosphere. The solution is cooled to 0*C and 1.1 g of triethylamine and 0.69 g of methanesulfonyl 
chloride are added. The reaction mixture is allowed to warm to ambient temperature and stirred at 
ambient temperature for approximately 2 h. The reaction mixture is diluted with ethyl acetate, washed 
with saturated aqueous sodium bicarbonate and brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to give l-^R^'R^'Sl-^-ta-butyldimethylsilyOoxymethylJ-S 1 - 
methanesulfonyloxymethyl^'-oxetanylhS-methyl-uracil. 

b) i-[2 , R,3'R,4 f S]-4 , -((t-buyldimethylsilyl)oxymethyl)-3 , -methanesulfonyioxymethyl-2 , -oxetanyl)-5-methyl- 
uracil (0.44 g) is~dissolved in 0.5 mL of THF under a nitrogen atmosphere. Lithium triethylborohydride 
(1.2 mL of a 1 M solution) is added to the solution of the nucleoside, with stirring, at 0* C. The reaction 
mixture is allowed to warm to ambient temperature and stirred at ambient temperature for 4 h then 
partitioned between ethyl acetate and saturated aqueous sodium bicarbonate. The layers are separated 
and the organic phase is washed with brine, dried over anhydrous sodium sulfate and concentrated 
under reduced pressure. The residue is purified by column chromatography to afford l-t^^.S'^S]-^- 
((t-butyldimethylsilyl)oxymethyl)-3 , -methyl-2 , -oxetanyl)-5-methyl-uracil. 

c) Ht^R.^R^'SK-tft-buty^^^ j s deprotec- 
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ted as described in Step 8 of Example 21 to give the title compound. 
Example 25 

1 -([ZR^'R^'Sh a'-RuoromethyH'-hydroxymethyl^'-oxetanyQ-S-methyl-uracil 

The procedures of Example 24(a) can be repeated to obtain I-PWM? ^-((t-butyldimethylsilyl)- 
oxymethyO-S'-methanesulfonyioxymethyl-^-oxetanyO-S-methyl-uraci!. 

H[2 , R.3 , R I 4 , S] 4^(t-Butyldimethylsilyl)o)v^ 
uracil (0.44 g)' is~combined with 8 mL of a 1 M solution of n-butyiammonium fluoride in THF under a 
io nitrogen atmosphere. The reaction mixture is heated at reflux temperature for 4 h then cooled to ambient 
temperature and concentrated under reduced pressure. Purification by chromatography on silica gel eluting 
with MeOH/CH 2 CI 2 affords the desired compound. 

Example 26 

75 

l- P'R.a'R^'Sh^-Hydroxymethyl-a^iodomethyl^'-oxetanylhS-methyl-uracil 

— a) The procedures of Example 25 can be repeated, replacing n-butylammonium fluoride with n- 
butylammonium iodide, to obtain HWM'S] 4-((t-butyldimethylsilyl)oxymethyl)-3 , -iodomethyl-2'. 
oxetanyl)-5-methyl-uracil. 

20 b) The procedure of step 8 of Example 21 can be repeated replacing l-^'R^^.^SK-Wt-butyldimethyl- 
silyOoxymethyO-a^hydroxymethyl^'-oxetanyiy-S-methyl-uracilwith the material obtained from Example 
26(a) to obtain the desired compound. 
Example 27 

25 l^^' R^'R^'Sha'-AzidomethyK'-hydroxymethyl^'-oxetanyQ-S-methyl-uracil 

The procedures of Example 26 can be repeated, replacing n-butylammonium iodide with n-butylam- 
monium azide. to obtain the desired compound. 

30 Example 28 

1 -([gR.S'R^Sl-S^ Aminomethyl-^-hydroxymethyl-^-oxetanyl^S-methyl-uracil 

a) The procedure of Example 27 can be repeated to obtain ^([^R^R.^Sl-a'-azidomethyl-^- 
hydroxymethyl-2 f -oxetanyl)-5-methyl-uracil. 

35 b) ^([^R^'R^'Sl-S'-Azidomethyl-^-hydroxymethyl^^xetanyO-S-methyl-uracil (0.28 g) is dissolved in 
10 mL ofmethanbl and the methanol solution flushed with nitrogen. The catalyst (2g of 5% palladium on 
carbon) is added and the reaction mixture placed under an atmosphere of hydrogen and stirred at 
ambient temperature for 1 h. The catalyst is removed by filtration through Celite filter aid and rinsed well 
with methanol. The filtrate is concentrated under reduced pressure to afford the desired compound. 

40 Example 29 

1-([2 , R,3 , R,4 , S1-3 , -Chioromethyl-4 , -hydroxymethyl-2 t -oxetanyl)-5-methyl-uracil 

The procedures of Example 26 can be repeated, replacing n-butylammonium iodide with lithium 
45 chloride in THF and 2-butanone, to obtain the desired compound. 

Example 30 

l- ^'R^'R^'SH'-Hydroxymethyi-a'-methyl-y-oxetanyQuracil 

50 — a) i-([2 , R.3 , R,4'S]-4 , -((t-Butyldimethylsilyl)oxymethyl)-3 , -hydroxymethyl-2 , -oxetanyl)uracil (1.8 g) the 
product of step "9 of Example 23, is dissolved \n 8 mL of methylene chloride under a nitrogen 
atmosphere. The solution is cooled to 0*C and 1.1 g of triethylamine and 0.69 g of methanesulfonyl 
chloride are added. The reaction mixture is allowed to warm to ambient temperature and stirred at 
ambient temperature for approximately 2 h. The reaction mixture is diluted with ethyl acetate, washed 

55 with saturated aqueous sodium bicarbonate and brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to give 1-t2 , R,3 , R,4 , S]-4 , -((t-butyidimethylsilyi)oxymethyl)-3 , - 
methanesulfonyloxymethyl-2'-oxetanyl)uracil. 

b) i.([2 , R,3 , R,4 , S]-4 , -((t-Butyldimemylsilyl)oxymethyl)-3 , -methanesulfonyloxymethyl-2 , -oxetanyl)uracil 
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(0.44 g) is dissolved in 0.5 mL of THF under a nitrogen atmosphere. Lithium triethylborohydride (1.2 mL 
of a 1 M solution) is added to the solution of the nucleoside, with stirring, at 0* C. The reaction mixture is 
allowedTto warm to ambient temperature and stirred at ambient temperature for 4 h then partitioned 
between ethyl acetate and saturated sodium bicarbonate. The layers are separated and the organic 
phase is washed with brine, dried over anhydrous sodium sulfate and concentrated under reduced 
pressure. The residue is purified by column chromatography to afford 1-{[2 , R,3 , R l 4 , SK-((t-butyl- 
dimethylsilyOoxymethyl^'-methyl-a'-oxetanyOuracil. 

c) l-^'R^'R^S]-^^ ■« deprotected as de- 

scribed in Step 8 of Example 21 to give the title compound. 
Example 31 

1'((2 , R t 3 , R,4 , S)-3 T -Fluoromethyl-4 , -hydroxymethyl*2 , -oxetanyl)uracil 

The procedures of Example 30(a) can be repeated to obtain l^^'R^'R^'SK-^-butyldimethylsilyl)- 
oxymethylJ-S'-methanesulfonyloxymethyl^^oxetanyOuracil. 

l-fl^R.S'R.^SH'-ttt-Butyltf^ ( 044 
g) is combined with 8 mL of a 1 M solution of n-butylammonium fluoride in THF under a nitrogen 
atmosphere. The reaction mixture is heated at reflux temperature for 4 h then cooled to ambient 
temperature and concentrated under reduced pressure, purification by chromatography on silica gel eluting 
with MeOH/CH 2 CI 2 affords the desired compound. 

Example 32 

1-((2 , R,3 , R,4 , SH'-Hydroxymethyl-3 , 'iodomethyl-2 , -oxetanyl)uracil 

a) The procedures of Example 31 can be repeated, replacing n-butylammonium fluoride with n- 
butylammonium iodide, to obtain H^'R^'R^'S] ^-((t-butyldimethyisilyOoxymethyO-S'-iodomethyl-^- 
oxetanyl)uracil. 

b) The procedure of Step 8 of Example 21 can be repeated replacing 1-([2 , R,3 , R,4 , S]-4 , -((t-butyl- 
dimethylsilyOoxymethylJ-S^hydroxymethyl^'-oxetanyO-S-methyl-uracil with the material obtained from 
Example 32(a) to obtain the desired compound. 

Example 33 

1-([2 , R l 3 , R,4 t S1>3 t -A2idomethyl-4'-hydroxymethyl-2 , -oxetanyl)uracil 

a) The procedures of Example 32 can be repeated, replacing n-butylammonium iodide with n-butylam- 
monium azide. to obtain the desired compound. 

Example 34 

1-([2 , R,3 , R t 4'S]-3 T -Aminomethyl-4 , -hydroxymethyl-2 , -oxetanyl)uracil 

a) The procedure of Example 33 can be repeated to obtain 1 -(^'R^'R^'Sl-S'-azidomethyK'- 
hydroxymethyl-^-oxetanyOuracil 

b) l-ff^WR^'S) S'-Azidomethyl-^-hydroxymethyl-^-oxetanyOuracil (0.28 g) is dissolved in 10 mL of 
methanoTand thi" methanol solution flushed with nitrogen. The catalyst (2g of 5% palladium on carbon) is 
added and the reaction mixture placed under an atmosphere of hydrogen and stirred at ambient 
temperature for 1 h. The catalyst is removed by filtration through Celite filter aid and rinsed well with 
methanol. The filtrate is concentrated under reduced pressure to afford the desired compound. 

Example 35 

l-P'R.a'R.^Sl-S'-Chloromethyl^-hydroxymethyl-^-oxetanyOuracil 

The procedures of Example 32 can be repeated, replacing n-butylammonium iodide with lithium 
chloride in THF and 2-butanone, to obtain the desired compound. 

Example 36 

l-d^R.S'R.^Sh^-Hydroxymethyl^^methyl^'-oxetanyOcytosine 

ipT^R^^R^^ 0-8 9) the 

product of itep~8 of Example 22. is dissolved in 8 mL of methylene chloride under a nitrogen 
atmosphere. The solution is cooled to 0*C and 1.1 g of triethylamine and 0.69 g of methanesulfonyl 
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chloride are added. The reaction mixture is allowed to warm to ambient temperature and stirred at 
ambient temperature for approximately 2 h. The reaction mixture is diluted with ethyl acetate, washed 
with saturated aqueous sodium bicarbonate and brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to give i-tt2'a3'a4'SHM(t-butyldimethylsilyl)oxymethyl>3'- 
(methanesulfonyloxy)methyl-2'-oxetanyl)cytosine. 

b) i-([2 , R,3 , R,4 , SH , -((t-butyldimemylsilyl)oxymethyl)-3'-methaiiesulfonyloxymethyl-2 , <)x^^ 

(0.44 g) is~diS?olved in 0.5 mL of THF under a nitrogen atmosphere. Lithium triethylborohydride (1.2 mL 
of a 1 M solution) is added to the solution of the nucleoside, with stirring, at 0* C. The reaction mixture is 
allowedto warm to ambient temperature and stirred at ambient temperature for 4 h then partitioned 
between ethyl acetate and saturated sodium bicarbonate. The layers are separated and the organic 
phase is washed with brine, dried over anhydrous sodium sulfate and concentrated under reduced 
pressure. The residue is purified by column chromatography to afford i-a^R^M'SK^^-butyl- 
dimethylsilyOoxymethylJ-S'-methyl^'-oxetanyOcytosine. 

c) i-([2 , R.3 , R,4 , SK-((t-butyldimethylsilyl)oxymethyl)-3'-methyl-2 , -oxetanyl)cytosine is deprotected as 
describedln Step 8 of Example 21 to give the title compound. 

Example 37 

1 ■([2'R. 3'R,4'S]-3'-Fluoromethyl-4'-hydroxymethyl-2'-oxetanyl)cytosine 

The procedures of Example 36(a) can be repeated to obtain IfWM'S) ^-((t-butyldimethylsilyl)- 
oxymethylJ-S'-methanesulfonyloxymethyl-^-oxetanyOcytosine. 

l-tt^R.S'R^'S] ^-((t-ButyldimethylsilyOoxymethylJ-S'-methanesulfonyloxymethyl-^-oxetanyOcytosine 
(0.44 g) is combined with 8 mL of a 1 M solution of n-butylammonium fluoride in THF under a nitrogen 
atmosphere. The reaction mixture is heated at reflux temperature for 4 h then cooled to ambient 
temperature and concentrated under reduced pressure. Purifiaction by chromatography on silica gel eluting 
with MeOH/CH 2 CI 2 affords the desired compound. 



Example 38 

1-([ 2'R,3'R,4'SH'-Hydroxymethyl-3'-iodomethyl-2'-oxetanyl)cytosine 

The procedures of Example 37 can be repeated, replacing n-butylammonium fluoride with n-butylam- 
monium iodide, to obtain l-tfWR/'S] ^-((t-butyldimethylsilyOoxymethylJ-S'-iodomethyl-^-oxetanyl)- 

cytosine. 

b) The procedure of Step 8 of Example 21 can be repeated replacing 1-([2 , R.3 I R,4 , SK-((t-butyl- 
dimethylsilyOoxymethyO-S'-hydroxymethyl-^-oxetanyO-S-methyhuracil with the material obtained from Ex- 
ample 38(a) to obtain the desired compound. 



Example 39 

1-([2 t R,3 , R,4 , S]-3 t -Azidomethyi-4 , "hydroxymethyh2 , -oxetanyl)cytosine 

The procedures of Example 38 can be repeated, replacing n-butylammonium iodide with n-butylam- 
monium azide, to obtain the desired compound. 



Example 40 

l-frZR.S'R.^SI-S'-Aminomethyl -^-hydroxymethyl^^oxetanyQcytosine 

a) The procedure of Exam ple 39 can be repeated to obtain 1 -([^R^'R^SJ-S'-azidomethyl-^- 
hydroxymethyl-2'-oxetanyl)cytosine. 

b) i-([2 , R t 3 , R.4 f S]-3 , -Azidomethyl-4 , -hydroxymethyl-2 , -oxetanyl)cytosine (028 g) is dissolved in 10 mL of 
methanoTand'thTmethanol solution flushed with nitrogen. The catalyst (2g of 5% palladium on carbon) is 
added and the reaction mixture placed under an atmosphere of hydrogen and stirred at ambient 
temperature for 1 h. The catalyst is removed by filtration through Celite filter aid and rinsed well with 
methanol. The filtrate is concentrated under reduced pressure to afford the desired compound. 

Example 41 



l-^'R^R^'Sl-S'-Chloromethyl^-hydroxymethyl^-oxetanyOcytosine 
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The procedures of Example 38 can be repeated, replacing n-butylammonium iodide with lithium 
chloride in THF and 2-butanone, to obtain the desired compound. 

Example 42 

1-{[2'R, 3*R, 4'S]-3\ ^-BisthydroxymethyQ^'-oxetanyll-S-iodouracil 

To a stirred solution of 413 mg (1.81 mmol) of 1-([2'R. 3'R, 4'S]-3\ ^-bis^ydroxymethyl^-oxetanyl)- 
uracil, the product of Step 10 of Example 23, in 18.5 mL of anhydrous DMF were added 1.05 g (5.16 mmol) 
of 2,6-di-t-butyl pyridine followed by 556 mg (3.43 mmol) of 1CJ in 8.3 mL of DMF. After 4 h at room 
temperature, 1.26 mL (9.1 mmol) of triethylamine were added and the reaction mixture was concentrated 
under reduced pressure.Chromatography of the residue on C18 Bondesil with a 100:0 to 80:20 H 2 0/MeOH 
gradient afforded 355 mg (55 %) of the title compound as an amorphous white solid: 1 H NMR (DMSO, TMS 
= 0.00 ppm) 5 3.0-3.8 (m, 5 H), 4.47 (ddd, 1 H, J = 7 Hz, J' = J n = 2 Hz), 4.93 (dd, 1 H, J -J' = 5 Hz), 
5.48 (dd, 1 H, J = J' = 5 Hz), 6.22 (d, 1 H, J = 6 Hz), 8.96 (s, 1 H); FAB MS m/z 355 (M + H) . 

Example 43 

1-([2'R, 3'R, 4'S]-3', 4 , -Bis(hydroxymethyl)-2 , -oxetanylh5-bromouracii 
Step 1: 1-[2'R, 3'R, 4^HXgjuty^^ 



To a stirred solution of 100 mg (0.29 mmol) of 1-[2'R, 3'R. ^SK-ttt-ButyldimethylsilyOoxymethyl)-^- 
hydroxymethyl-^-oxetanylJuracil, the product of Step 9 of Example 23, in 1 mL of pyridine were added 440 
uL (0.44 mmol) of a 1.0 M solution of Br 2 in CCU. After 1 h at room temperature, the reaction mixture was 
diluted with 100 mL of CH 2 Cl 2 , washed sequentially with 50 mL of pH 6 phosphate buffer, 50 mL of 5 % 
aqeuous NaHC0 3 . and 50 mL of saturated aqueous NaCI, dried over MgSO*, and then concentrated under 
reduced pressure to afford a nearly quantitative yield of the desired product: 1 H NMR (CDCU. TMS = 0.00 
ppm) 5 0.14, 0.16 (2 s, 6 H), 0.93 (s, 9 H), 3.28 (dddd, 1 H), 3.65 (dd, 1 H), 3.86 (dd, 1 H), 3.92 (dd, 1 H), 
4.00 (dd, 1 H), 4.67 (ddd, 1 H), 6.18 (d, 1 H), 8.39 (s, 1 H) t 9.68 (bs, 1 H); DCI NH 3 MS m/z 421, 423 (M + 
H)*, 438, 440 (M + NH*f . 

Step 2: 1-([2'R, m 4'S]-3', ^-Bis^ydroxymethyl^^oxetanyQ-S-bromauracil 

To a stirred solution of 132 mg (0.31 mmol) of 1-[2'R, 3'R, ^SK^tt-butyldimethylsilyOoxymethyO-S'- 
hydroxymethyl-^-oxetanylJ-S-bromouracil, the product of Step 1 of Example 43, in 2 mL of THF were added 
100 mg (0.32 mmol) of tetra-n-butylammonium fluoride trihydrate. After 6.5 h at room temperature, the 
reaction mixture was cooled to 5 *C. and after 16 h at this temperature, allowed to warm to room 
temperature. The reaction mixture was then concentrated under reduced pressure, redissolved in 0.85 mL 
of CH 2 CI 2 containing 0.32 mmol of glacial HOAc, and then concentrated under reduced pressure. 
Chromatography of the residue on silica gel with a 100:0 to 9:1 CH 2 CI 2 /MeOH gradient followed by further 
purification by chromatography on C18 Bondesil with a 100:0 to 96:4 H 2 0/MeOH gradient afforded 45 mg 
(47 %) of the title compound as an amorphous white solid: 'H NMR (DMSO, TMS = 0.00 ppm) 5 3.15-3.75 
(m, 5 H), 4.48 (ddd, 1 H), 4.95 (dd, 1 H), 5.50 (dd, 1 H), 6.24 (d, 1 H), 8.94 (s, 1 H); DCI NH 3 MS m/z 324, 
326 (M + NH 4 f . 

Alternate procedure: 

To a stirred solution of 5 mg (0.022 mmol) of 1-([2'R, 3 f R, 4'S]-3\ ^-bisfhydroxymethyl^'-oxetanyi)- 
uracil, the product of Step 10 of Example 23, in 0.10 mL of pyridine was added 5.3 mg (0.033 mmol) of 
bromine in 18 uL of CCU. After 1 h at room temperature, 1 1 .1 mg (0.1 1 1 mmol) of triethylamine were added 
and the reaction mixture was concentrated under reduced pressure. Chromatography of the residue on 
silica gel with a 100:0 to 90:10 gradient of CH 2 CI 2 -/MeOH afforded 0.8 mg (12 %) of the title compound as 
an amorphous white solid: 'H NMR (D 2 0, TSP = 0.00 ppm) 5 3.33 (m, 1 H), 3.76 (dd, 1 H, J = 14 Hz, J' = 
3 Hz). 3.8-3.95 (m, 2 H), 3.90 (dd.J H, J = 14 Hz, J' = 2 Hz). 6.32 (d, 1 H, J = 6 Hz), 8.71 (s, 1 H); DCI 
NH 3 MS mte 324, 326 (M + NH 4 f . 

Example 44 
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1-([2'R, 3'R. 4'S]-3', ^BisthydroxymethyO^'-oxetanyO-S^Z-bromo-l-vinyQuraci l 

Step 1: 1-([2'R, 3'R, 4 , S]-3', ^-BisthydroxymethyiyZ'-oxetanylVS-taHtrimethylsilyQ-l-vinyOuracil . 

5 To a stirred solution of 170 mg (0.48 mmol) of 1-([2'R, 3'R, 4'SJ-3\ ^-bisthydroxymethyl^-oxetanyl)^ 
5-iodouracil, the product of Example 42, in 2 mL of DMF were added 334 mg (0.86 mmol) of l-(2- 
(trimethylsilyl)vinyl)tri-n-butylstannane and 34 mg (0.048 mmol) of bis(triphenylphosphine)palladium(ll) chlo- 
ride. The resulting mixture was heated under a N 2 atmosphere for 1.75 h at 60 *C> cooled to room 
temperature, and then diluted with 200 mL of MeOH which had been saturated with hexane. The MeOH 

w phase was then washed with 4 x 40 mL of hexane. filtered, and then concentrated under reduced pressure. 
Chromatography of the residue on silica gel with a 97.5:2.5 to 90:10/CH 2 CI 2 :MeOH gradient afforded 99.9 
mg (64 %) of the title compound: 1 H NMR (CDCI 3 , TMS = 0.00 ppm) 5 0.12 (s, 9 H), 3.36 (dddd, 1 H), 
3.59-3.98 (m, 4 H), 4.59 (m, 1 H), 6.39 (d, 1 H) , 6.58 (d, 1 H), 6.73 (d, 1 H), 8.81 (s, 1 H); DCI NH 3 MS, m/z 
327 (M + H)\ 

75 

Step 2: H[2 , R, 3'R, 4'S]-3', 4'-Bis(hydroxymethyl)-2 , -oxetanyl)-5-(2-bromo-1-vinyl)uracil 

To a stirred solution of 95 mg (0.29 mmol) of 1-([2'R, 3'R, 4'S]-3\ ^-BisChydroxymethyi^'-oxetanylJ-S- 
(2-(trimethylsilyl)-1-vlnyl)uracil, the product of Step 1 of Example 44 in 5.4 mL of DMF at -30 °C were 

20 added 535 uL of MeOH, 80 uL (0.58 mmol) of triethylamine, and then dropwise, 347 uL (0.347 mmol) of a 1 
M solution of bromine in carbon tetrachloride. The reaction mixture was then allowed to warm to room 
temperature and then concentrated under reduced pressure. Chromatography of the residue on C18 
Bondesil with a 100:0 to 70:30 H 2 0/MeOH gradient afforded 72 mg (74 %) of the title compound as an 
amorphous white solid: 'H NMR (DMSO, TMS = 0.00 ppm) 5 3.13 - 3.78 (m, 5 H) t 4.49 (m, 1 H), 4.96 (dd, 

25 1 H). 5.36 (dd, 1 H). 6.24 (d. 1 H), 6.85 (d. 1 H) , 724 (d, 1 H). 8.58 (s. 1 H), 11.51 (bs, 1 H); DCI NH 3 MS, 
m/z 350, 352 (M + NH 4 )\ 

Example 45 

30 1-([2'R, 3'R, gSffi 4'- Bis(hydroxymethyl)-2 , -oxetanyl)-5-chlorouraci l 

This compound is synthesized according to the procedure of Example 21 by substituting 5-chlorouracil 
for 5-methyluracil in the procedure of M. Saneyoshi, et ai Chem Pharm Bull, 30, 2237-1982. This provides 
2 f ,5 , -bis-(0-(4 n -chloro)benzoyl)-5-chloro-3 , -deoxyuridine, which is substituted for 2 , ,5 , -bis-(0-(4"-chloro)- 
35 benzoylJ-S-methyl-S'-deoxyuridine in the procedures of Example 21 . 

Example 46 

1-([2'R, 3'R, 4*S]-3\ 4' - Bis(hy droxy methy l)-2'-oxetany l)-5-f luorouraci l 

This compound is synthesized according to the procedure of Example 21 by substituting 5-fluorouracil 
for 5-methyluracil in the procedure of M. Saneyoshi, et ai Chem Pharm Bull, 30, 2237-1982. This provides 
2 , ,5 f -bis-(0-(4 n -chloro)benzoyl)-5-fluoro-3 , -deoxyuridine, which is substituted for 2 , t 5 t -bis-(0-(4 t, -chloro)- 
benzoyl)-5-methyl-3'-deoxyuridine in the procedures of Example 21. 

Example 47 

1-([2 r R, 3'R, 4'S]-3'- ^-BisthydroxymethyQ^'-oxetanyO-S-ttrifiuoromethyQuracil 



This compound is synthesized according to the procedure of Example 21 by substituting 5- 
(trifluoromethyl)uracil for 5-methyluracil in the procedure of M. Saneyoshi, et al Chem Pharm Bull, 30, 2237- 
1982. This provides 2 , ,5 , -bis-(0-(4 n -chloro)benzoyl)-5-trifluoromethyl-3 , -deoxyuridine, which is substituted 
for 2\5 , -bis-(0-(4 n -chloro)benzoyl)-5-methyl-3 , -deoxyuridine in the procedures of Example 21. 

55 Example 48 

1-([2'R. 3'R, 4'S]-3\ ^-BisthydroxymethyQ-^-oxetanyQ-S-ethyluracil 



40 
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To a stirred solution of 38 mg (0.15 mmol) of 1-([2'R, 3'R, 4W, ^-Bisfhydroxymethyl^'-oxetanyl)^- 
vinyluracil, the product of Example 61, in 1.7 mL of pyridine was added 13 mg of 5% Pd-BaS04 and the 
resulting mixture was stirred under 1 atmosphere of hydrogen for 18 h, filtered, and then concentrated 
under reduced pressure. To a stirred solution of 37 mg (0.15 mmol) of the residue in 2 mL of methanol was 

5 added 30 mg (0.30 mmol) of triethylamine and 20 mg of 10 % Pd-C, and the resulting mixture was stirred 
under 1 atmosphere of hydrogen for 18 h, filtered and then concentrated under reduced pressure. 
Chromatography of the residue on C18 Bondesil with a 100:0 to 50:50 gradient of water/MeOH afforded the 
title compound: 1 H NMR (DMSO, TMS = 0.00 ppm) 5 1.07 (t. 3 H), 2.23 (q, 2 H), 3.0 - 3.8 (m, 5 H), 4.41 
(m. 1 H). 4.92 (dd, 1 H), 5.38 (dd. 1 H), 6.30 (d, 1 H), 8.33 (s, 1 H), 11.29 (bs, 1 H); FAB MS, m/z 257 

to (M + H)\ 

Example 49 

1-([2'R, 3'R, 4'S]-3\ ^-BisthydroxymethyD-^'OxetanyD-S^-iodo-l-vinyQuraci l 

75 

This compound is prepared in analogy to the procedure of Example 44, but substituting an iodination 
reagent, such as iodine, iodine monochloride, or N-iodosuccinimide for bromine in Example 44. 

Example 50 

20 

1-([2'R, 3*R, 4'Sl-y. 4 ? - Bis(hydroxymethyl)-2 , -oxetanyl)-5-(2'Chloro-1 -vinyQuraci l 

This compound is prepared in analogy to the procedure of Example 44, but substituting a chlorination 
reagent, such as N-chlorosuccinimide or chlorine for bromine in Example 44. 

25 

Example 51 

1-([2 f R, 3'R, 4'S]-3\ ^'BisthydroxymethyQ^^oxetanyQ-S-bromocytosine 

30 This compound is prepared in analogy to the alternate procedure for Example 43, but substituting 1-(- 
[2'R, 3'R, 4'S]-3\ ^-bis^ydroxymethylJ-^-oxetanyOcytosine for 1-([2 f R, 3 f R, 4'5h3\ 4'-Bis(hydroxymethyl)- 
2*-oxetanyl)uracil. 

Example 52 

35 

1-([2*R, 3'R, 4'S]-3 T , 4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-iodocytosine 

This compound is prepared in analogy to the procedure for Example 42, but substituting 1-([2'R, 3'R, 
4'S]-3*, ^-bisfhydroxymethyl^'-oxetanyOcytosine for 1-([2'R, 3 f R, 4'S]-3\ 4'-Bis(hydroxymethyl)-2'- 
40 oxetanyl)uracil. 

Example 53 

1-([2*R, 3'R, 4 f S]-3\ ^-BisthydroxymethyQ-^-oxetanyO-S-ftrans^-bromo-l-vinyQcytosine 

4S 

This compound is prepared in analogy to the procedure for Example 44, but substituting 1-([2'R, 3'R. 
^S]^', 4'-Bis(hydroxymethyl)-2'-oxetanyl)-5-iodocytosine for 1-([2'R, 3'R, 4'S]-3\ 4'-Bis(hydroxymethyl)-2'- 
oxetanyl)-5-iodouracil. 

50 Example 54 

1-([2'R, 3'R, 4'S]-3\ ^-BisthydroxymethyQ-^-oxetanyO-S^-iodo-I'VinyQcytosine 

This compound is prepared in analogy to the procedure for Example 49, but substituting 1-([2'R, 3'R, 
55 4'S]-3\ ^-bis^ydroxymethyl^-oxetanyD-S-iodocytosine for 1-([2'R, 3'R, 4'S]-3\ 4'-bis(hydroxymethyl)-2'- 
oxetanyl)-5-iodouracil in Example 44. 

Example 55 
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1-Q2H 3'R. W, 4 , -Bis(hydroxymethyl)'2 , -Qxetanyl)-5-(2<hloro-Vvinyl)cytosine 

This compound is prepared in analogy to the procedure for Example 50, but substituting 1-([2'R, 3'R, 
4'S]-3'. ^-bisthydroxymethylK-oxetanylJ-S-iodocytosine for 1-([2'R. 3'R, 4'S]-3\ 4'-bis(hydroxymethyl)-2'- 
oxetanyl)-5-iodouracil in Example 44. 

Example 56 

1-([2'R, 3'R, 4'S]-3\ 4 , -Bis(hydroxymethyl)-2 , -oxetanyi)-5-chlorocytosine 

This compound is synthesized according to the procedure of Example 22 by substituting 4-N-acetyl-5- 
chlorocytosine for 4-N-acetylcytosine in the procedure of M. Saneyoshi. et al Chem Pharm Bull, 30, 2237- 
1982. This provides 2*,5 ? -bis-(0-(4 ,, -chloro)benzoyl)-4-N-acetyl-5-chloro-3 , -deoxycytidine, which is substi- 
tuted for 2 , ,5 , -bis-(0-(4 n -chioro)benzoyl)-4-N-acetyl-3 , -deoxycytidine in the procedures of Example 22. 

Example 57 

1-([2'R, 3'R, 4*S]-3\ ^-BisthydroxymethyQ-^-oxetanyO-S-CtrifluoromethyQcytosine 

This compound is synthesized according to the procedure of Example 22 by substituting 4-N-acetyl-5- 
(trifiuoromethyl)cytosine for 4-N-acetylcytosine in the procedure of M. Saneyoshi, et al Chem Pharm Bull, 
30. 2237-1982. This provides 2 , 1 5 , -bis-(0-(4 n -chloro)benzoyl)-4-N-acetyl-5-(trifluoromethyl)-3'-deoxycytidine, 
which is substituted for 2\5— bis-(0-(4 M -chloro)benzoyl)-4-N-acetyl-3 , -deoxycytidine in the procedures of 
Example 22. 

Example 58 

1-([2'R, 3'R, 4 , S>3', ^-Bisthydroxymethyl^'-oxetanyQ-S-fluorocytosine 

This compound is synthesized according to the procedure of Example 22 by substituting 4-N-acetyl-5- 
fluorocytosinefor 4-N-acetylcytosine in the procedure of M. Saneyoshi, et al Chem Pharm Bull, 30, 2237- 
1982. This provides 2 , l 5 , -bis-(0-(4"-chloro)benzoyl)-4-N-acetyl-5-fluoro-3 , -deoxycytidine, which is substi- 
tuted for 2 , ,5 , -bis-(0-(4 n -chloro)benzoyl)-4-N-acetyl-3 t -deoxycytidine in the procedures of Example 22. 

35 Example 59 

l-ff^R, 3 f R, 4'S]-3\ 4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-methylcytosine 

This compound is synthesized according to the procedure of Example 22 by substituting 4-N-acetyl-5- 
40 methylcytosine for 4-N-acetylcytosine in the procedure of M. Saneyoshi. et al Chem Pharm Bull, 30, 2237- 
1982. This provides 2 , ,5 , -bis-(0-(4"-chloro)benzoyl)-4-N-acetyl-5-methyl-3 , -deoxycytidine, which is substi- 
tuted for 2 , ,5 , -bis-(0-(4"-chloro)benzoyl)-4.N-acetyl-3 , -deoxycytidine in the procedures of Example 22. 

Example 60 

45 " 

1-(t2'R. 3'R, 4'S]-3\ 4' - Bis(hydroxymethyn-2 , -oxetanyl)-5-ethylcytosine 

This compound is synthesized according to the procedure of Example 22 by substituting 4-N-acetyl-5- 
ethylcytosine for 4-N-acefylcytosine in the procedure of M. Saneyoshi. et al Chem Pharm Bull. 30. 2237- 
50 1982. This provides 2 , ,5 , -bis-(0-(4"-chloro)benzoyl)-4-N-acetyl-5-ethyl-3'-deoxycytidine. which is substituted 
for 2 , .5 , -bis-(0-(4 w -chloro)benzoyl)-4-N-acetyl-3 , -deoxycytidine in the procedures of Example 22. 

Example 61 

55 1-([2'R. 3'R, 4 f S]-3\ 4' - Bis(hydroxymethy l)-2 , -oxetanyl)-5-vinyIuracil 

To a stirred solution of 100 mg (0.428 mmol) of 1-([2'R 3'R. 4'S]-3\ 4'-bis(hydroxymethyl)-2'-oxetanyl)- 
5-iodouracil. the product of Example 42, in 1.5 mL of DMF were added 159 mg (0.50 mmol) of vinyltnbutyl 
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tin and 20 mg (0.029 mmol) of bis(triphenyiphosphine)palladium(!l) chloride. The resulting mixture was 
heated under a N 2 atmosphere for 1 h at 60 * C cooled to room temperature, and then diluted with 75 mL 
of MeOH which had been saturated with hexane. The MeOH phase was then washed with 3 x 75 mL of 
hexane, filtered, and then concentrated under reduced pressure. Chromatography of the residue on silica 
gel with a 100:0 to 90:10/CH 2 CI 2 :MeOH gradient afforded 40 mg (56 %) of the title compound: 1 H NMR 
(DMSO, TMS = 0.00 ppm) B 3.2 - 3.8 (m, 5 H) t 4.48 (m, 1 H), 4.94 (dd, 1 H), 5.16 (dd, 1 H), 5.46 Jdd, 1 H), 
5.90 (dd, 1 H), 6.30 (d, 1 H), 6.41 (d, 1 H), 8.73 (s, 1 H), 11.45 (bs, 1 H); FAB MS, m/z 255 (M + H) + . 

Example 62 

1-([2'R, 4'S]-4' - (HydroxymethyQ-g-oxetany l)-5-methy luracil 

A solution of 356.5 mg (1 mmol) of 1-([2'R. 3'R. ^SK-at-butyldimethysilyOoxymethylJ-y- 
hydroxymethyl-^-oxetanyO-S-methyluracii, the product of Step 7 of Example 21, is oxidized with 1.05 
equivalents of the "Dess-Martin periodinane" according to the general procedure described by D. B. Dess 
and J. C. Martin, J. Org. Chem., 1983, 4165-4158, Chromatography of the crude reaction mixture on silica 
gel affords 1-([2'R, 3'R, 4 , S]-4 , -((t-butyldimethysi!yl)oxymethyl)-3 , -formyl-2 , -oxetanyl)-5-methy luracil. A solu- 
tion of 177 mg (0.5 mmol) of this aldehyde and 463 mg (0.5 mmol) of tris(triphenylphosphine)rhodium(l) 
chloride in 5 mL of degassed aceonitrile is heated at 30 - 150 ' C in a sealed tube for 1 to 24 hours. 
Purification of the resulting reaction mixture on silica gel affords 1-([2*R, 4'S]-4X(t-butyIdimethysilyl)- 
oxymethyO-^-oxetanyl^-methyluracil. A solution of 81 mg (0.25 mmol) of this silyl ether in 1 mL of THF is 
then treated with 65.4 mg (0.25 mmol) of tetrabutylammonium flouride hydrate. After 6 h at room 
temperature, the reaction mixture is neutralized with 0.25 mmol of acetic acid and concentrated under 
reduced pressure. Chromatography of the residue on C18 Bondesil with a 100:0 to 50:50 gradient of 
water/MeOH affords the title compound. 

Example 63 

1 -([2'R, 4'SHXHydroxymethyi)-2'-oxetanyl)uracil 

This compound is prepared in analogy to the procedure described for Example 62 by substituting 1-(- 
[2'R, 3'R, ^Sl-^-t^-butyldimethysilyOoxymethyO-S'-hydroxymethyl-^-oxetanyOuracil, the product of Step 9 
of Example 23, for 1-([2'R t 3'R, 4 , S]-4 , -((t-butyldimethysilyl)oxymethyl)-3 , -hydroxymethyl-2 , -oxetanyl)-5- 
methyluracil, the product of Step 7 of Example 21. 

Example 64 

1-([2'R, 4 , S>4 , -(Hydroxymethyl)-2 , -oxetanyl)cytosine 

This compound is prepared in analogy to the procedure described for Example 62 by substituting 1-(- 
[2'R, 3'R, 4 , S]-4 , -((t-butyldimethysilyl)oxymethyl)-3 , -hydroxymethyl-2 , -oxetanyl)cytosine, the product of Step 
8 of Example 22, for 1-([2'R, 3 f R, ^SH^tft-butyldimethysilyOoxymethyO-S'-hydroxymethyl-^-oxetanyO-S- 
methyluracil, the product of Step 7 of Example 21. 

Example 65 

1-([2'R, ^Sl-S'-methylene-^'hydroxymethyQ^'-oxetanyQ-S-methyluracil 

Step 1: 1-([2'R, 4 , S]-3'-methylene-4'-((t-butyldimethysilyl)oxymethyl)-2 , -oxetanyl)-5-methyluracil 



To a stirred solution of 435 mg (1 mmol) of 1-[2'R, 3'R. 4 , SK-((t-butyldimethylsilyl)oxymethyl)-3 , - 
methanesulfonyloxymethyl^'-oxetanyl-S-methyluracil. the product of Part a of Example 24, in 5 mL of 
acetonitrile is added 152 mg (1 mmol) of DBU, and the resulting mixture is heated to reflux for 1 to 24 
hours. Concentration under reduced pressure and chromatography of the residue on silica gel affords the 
title compound. 

Step 2: 1-([2'R, ^Sl-S'-methylene^'-hydroxymethyO-^-oxetanylhS-methyluracil 
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To a stirred solution of 1 mmol of the product from Step 1 of Example 65 in 10 mL of THF is added 1 
mmo! of tetra-n-butylammonium fluoride hydrate. After 6 h at room temperature, the reaction mixture is 
neutralized with 1 equivalent of acetic acid and then concentrated under reduced pressure. Chromatography 
of the residue on C18 Bondesil with a 100:0 to 50:50 gradient of water/MeOH affords the title compound. 

5 

Example 66 

HB'R. 3'R, ^RhS'-Hydroxy-y.^-bisChydroxymethylha'-oxetanyl^S-methyluracil and 1-([2'R t 3'S t gRjg; 
Hydroxy-3^ ,: bis(hydroxymethy^ 

70 

To a stirred solution of 1 mmol of l-fl^R, ^Sl-S^methylene-^t-butyldimethysilyOoxymethy!)-?- 
oxetanyl)-5-methyluracil, the product of Step 1 of Example 65, in 5 mL of aqueous acetone is added 1 
mmol of N-methylmorpholine-N-oxide and a catalytic amount of osmium tetroxide according to the general 
procedure of V. VanRheenen, R. C. Kelly, and D. Y. Cha, Tetraherdron Lett. 1976, 1973-1976. After 0.5 to 

75 24 h at room temperature, the reaction mixture is diluted with ethyl acetate, washed with aqueous sodium 
bisulfite, dried over magnesium sulfate, and then concentrated under reduced pressure. The residue is then 
purified by chromatography on silica gel to afford the 4'-t-butyldimethylsilyl ether of the title compound. To 
a stirred solution of 0.5 mmol of this silyl ether in 2.5 mL of THF is added 0.5 mmol of tetra-n- 
butylammonium fluoride. After 6 h at room temperature, the reaction mixture is neutralized with acetic acid 

20 and then concentrated under reduced pressure. Chromatography of the residue on C18 Bondesil with a 
100:0 to 50:50 gradient of water/MeOH affords the title compounds. 



Example 67 

25 HP'R, 3'R, ^Rl-S'-hydroxy-^-hydroxymethyQ^'-oxetanyQ-S-methyluracir and 1-([2'R, 3'S, ^Rl^'-hydroxy- 
^-hydroxymethyQ-^-oxetany^S-methyluracil 

To a stirred solution of 1 mmol of 1-([2'R, 3'R, 4 , Rh3 , -hydroxy-3 , ,4 , -bis(hydroxymethyl)-2 , -oxetanyl)-5- 
methyluracil and 1-([2'R. 3'S, 4 , R>3 , -hydroxy-3 , ,4 , -bis(hydroxymethyl)-2 , -oxetanyl)-5-methyluracil, the pro- 

30 ducts of Example 66 in 10 mL of MeOH is added 1 mmol of a saturated solution of aqueous NalO*. After 
0.5 to 24 hours at room temperature, the reaction mixture is treated with excess sodium borohydride (1 - 20 
equivalents) for 0.5 to 6 hours, filtered, and then concentrated under reduced pressure to remove MeOH. 
The resulting aqueous solution is then purified by chromatography on C18 Bondesil with a 100:0 to 50:50 
gradient of water/MeOH to afford the title compounds. 

35 The antiviral activity of the compounds of the invention can be determined by the following methods. 

A. Evaluation of Compounds for Activity Against Herpes Simplex Virus Types 1^ and Types 2 

The challenge viruses were propagated and assayed in cells that were pregrown as monolayer cultures 
40 in plastic tissue culture flasks and 96-well plates, using cell culture media appropriate for the host cell 
cultures. The following viruses and host cell cultures were employed: 



r hf nion 7 A ffmt CffU Type 

45 Herpes simplex type 1 Continuous-passage African 

(HSV -i) strain E-377 green monkey kidney (Vero) 

Herpes simplex type 2 Continuous-passage African 

(HSV-2) strain MS green monkey kidney (Vero) 

50 

On the day of use, a weighed sample of each compound to be evaluated was dissolved and diluted in 
serial 10 0 5 dilutions in the culture medium appropriate for each virus-host cell system. 

55 CPE-Inhibition Assay Procedure ' 

Mammalian cells were pregrown as monolayers in wells of COSTAR 96-well tissue culture plates using 
suitable cell culture media. Stock viruses were pretitered according to the method of Reed and Muench 
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(Amer. J. Hyg. 27:493-497, 1938) and diluted in cell culture medium to yield 32 CCIDso (cell culture 
infectious dose, 50%) units per 0.1 ml Antiviral assays were designed to test seven concentrations of each 
compound, from cytotoxic to noncytotoxic levels, in triplicate against each of the challenge viruses in 
microtiter plate wells containing suitable cell monolayers. To each of the replicate cell cultures were added 
0.1 ml of the test drug solution and 0.1 ml of virus suspension. Cell controls containing medium alone, virus 
controls containing medium and virus, and drug cytotoxicity controls containing medium and each drug 
concentration were run simultaneously with the test samples assayed in each experiment. The covered 
plates were incubated at 37* C in a humidified atmosphere containing 5% CO2 until maximum CPE 
(cytopathogenic effect) was observed in the untreated virus control cultures. The cell monolayers were 
examined microscopically for virus-induced CPE and for drug cytotoxicity. 

Antiviral activity was determined by calculating the degree of inhibition of virus-induced CPE in drug- 
treated, virus-infected cell cultures by means of a virus rating (VR). The VR is a standard weighted 
measurement of antiviral activity taking into account both the degree of CPE inhibition and drug cytotoxicity, 
and is determined by a modification of the method of Ehrlich et al. (Ann. N.Y. Acad. Sci. 130: 5-16, 1965) as 
described below. CPE was graded for each individual culture in each microtiter plate well according to the 
following scale: 

4 = 100% of the cells affected by virus; 
3 = 75% of the cells affected by virus; 
2 = 50% of the cells affected by virus; 
1 = 25% of the cells affected by virus; 
0 = No CPE; normal cell monolayer. 

The VR was calculated as 0.1 of the sum of the numerical differences between the recorded CPE grade 
of each test well and that of the corresponding virus control in the culture plate. Numerical differences 
between the scores of test wells containing a drug concentration ^hich was partially cytotoxic (p) and their 
corresponding virus controls were halved. 

The minimum inhibitory drug concentration which reduced the cytopathogenic effect (CPE) by 50% 
(MIC50) was calculated by using a regression analysis program for semilog curve fitting. A therapeutic index 
(Tl) for each active compound for each susceptible virus was determined by dividing the minimum cytotoxic 
concentration of the test compound by the MIC50. Test results are provided in Table 1. 

B. Evaluation of Compounds for Activity Against Human Cytomegalovirus (HCMV) - Virus Yield Reduction 
Assay ~~ 

Human diploid embryonic lung (MRC5) cells were grown in 35 mm wells of 6-well tissue culture plates. 
Subconfluent cell monolayers were rinsed with phosphate-buffered saline (PBS) and were exposed to 0.5 
ml/well of HCMV (strain AD169) suspension for 1.5 hours at 37* C. The virus suspension was diluted in 
MEM + 2% fetal bovine serum (FBS) to yield a multipicity of infection (MOI) of approximately 0.1 plaque 
forming units (PFU)/cell. 

Following the virus adsorption period, the inocula were removed and infected cell layers were rinsed with 
PBS. Aliquiots (2.0 ml) of each test drug concentration (dissolved in MEM supplemented with 2% FBS) 
were dispensed into triplicate cell cultures: two virus-infected cultures and one uninfected cytotoxicity 
control culture (exposed to medium without virus for 1 .5 hours). Untreated virus-infected control cultutres 
and untreated, uninfected cell control cutures were fed with medium alone. The culture plates were 
incubated at 37 # C in a humidified atmosphere of 2% CO2 in air. 

All cell culture fluids were replaced with fresh drug and medium 48 hours postinfection (p.i.). 

On Day 6 p.i., the cell layers were examined microscopically for cytopathogenic effect (CPE) and drug 
cytotoxicity. The test and virus control cultures were then harvested by subjecting the cell layers to one 
cycle of freeze-thawing. The cellular material was scraped into the ambient medium and the contents from 
replicate cultures were pooled, dispensed into cryotubes and stored at -135* C. 

Drug cytotoxicity was determined quantitatively by a method based on the reduction of the tetrazolium 
salt, 3-(4,5-dimethyI-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) by mitochondrial enzymes of 
viable host cells to MTT formazan (T. Mosmann, 1983). Drug cytotoxicity controls and cell controls were 
treated with MTT (dissolved in culture medium) followed by 20% SDS (in 0.02 N HCI) to dissove the 
crystals of MTT formazan. The blue color of the MTT formazan was measured spectrophotometrically at 
570 nm. Drug cytotoxicity was determined by comparing the absorbance (O.D.) of each drug cytotoxicity 
control with the mean O.D. of the cell control cultures and expressed as percent of control. 

The harvested test and virus control samples were thawed and the infectious virus yield was 
determined by plaque assay in MRC5 cells grown in 12-well cluster plates. Inhibiton of HCMV replication by 
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each test compound was determined by comparing the progeny virus yields in the drug-treated cultures 
with the progeny virus yeild in the untreated, virus-infected control cultures. Test results are provided in 
Table 2. 

C. Evaluation of Compounds for Activity Against Varicella-Zoster Virus (VZV) - Plaque Reduction Assay 

The compounds of the invention were evaluated for selective activity against varicella zoster, virus (VCV) 
utilizing a plaque reduction assay procedure. The challenge virus was a clinical isolate designated DM625, 
obtained from Dr. Richard Whitley of the University of Alabama Hospitals, Birmingham, Alabama. The virus 
had been passaged and titrated incuitures of human foreskin fibroblasts (HFF). 

For the plaque reduction assay, sixth to twelfth passage human foreskin fibroblasts were seeded in 
wells of 12-well tissue culture plates and incubated at 37° C in a humidified atmosphere containing 2% CO2 
in air. 

Subconfluent HFF were rinsed with MEM and exposed to 0.5 ml/well of a suspension of VZV diluted in 
MEM + 2% FBS for 2 hours at 37* C. Following the virus adsorption period, the inocula were removed and 
the infected cell layers were rinsed with MEM. Triplicate VZV-infected cell culture wells were treated with 
1.0 ml of each concentration of test compound (in MEM + 2% FBS). Six untreated virus-infected cell 
cultures and triplicate untreated uninfected cell cultures were fed with 1.0 ml of MEM + 2% FBS to serve 
as controls. Wells containing uninfected HFF were treated with each concentration of test compound to 
monitor the test compound cytotoxicity. The 12-well plates were inculbated at 37° C in the CO2 incubator. 
At 48 hours post-virus infection (p.i.), fluids in all plate wells were replaced with fresh test compound and/or 
culture medium. 

Six days p.i., the VZV plaques were counted (unstained, low magnification). The effect of each 
concentration of test compound oft plaque formation was determined by comparing the mean number of 
plaques in the replicate test compound-treated cultures with the mean plaque counts of the untreated virus 
control cultures. 

The test compound cytotoxicity control cultures were examined microscopically for gross morphologic 
changes, then treated with MTT and 30% SDS. The blue color of the MTT formazan was measured 
spectrophotometrically at 570 nm. Test compound cytotoxicity was determined by comparing the absor- 
bance (O.D.) of each test compound control with the mean O.D. of the cell control cultures and expressed 
as percent of control. 

Test results are provided in Table 3. The MIC50 value is the minimum concentration of test compound 
required to inhibit plaque formation by 50%. 

D. Alternate Method For Evaluation Of Compounds For Activity Against Herpes Simplex Virus Type 1^ 

Neutral Red Dye Uptake Assay For Determining In Vitro Antiviral Activity 

Vero cell monolayers were harvested by trypsinization. The number of viable cells per ml. was 
determined by staining an aliquot with trypan blue and counting in a hemocytometer. Cell densities were 
adjusted in growth medium to contain 4 x 10 ? cells/ml. 96-well sterile tissue culture plates were seeded with 
100 /il/well of the adjusted cell suspensions, i.e., 4 x 10* cells/well. Seeded plates were incubated overnight 
at37'C with C0 2 . 

After overnight incubation, monolayers were approximately confluent. The growth medium was removed 
and the monolayers in each cell were infected with 100 pi of virus diluted in maintenance medium to 
produce approximately 90% cytopathogenic effect (CPE) after 2 to 3 days incubation. The virus was 
allowed to adsorb for 1 hour at 37° C with 4 to 6% C02. Controls for cell growth were overlayed with virus- 
free maintenance medium. The maintenance medium containing residual virus was removed. 

The test compounds were dissolved and/or diluted in maintenance medium to the concentration desired 
for testing and were added to the wells of the plate. Aiiquots (100 p\) of each concentration were added to 
wells in replicate (duplicate or triplicate). Controls for virus activity were overlayed with drug-free main- 
tenance medium. 

Replicate wells containing only maintenance medium served as controls for background absorbance levels. 

The plates were incubated at 37 *C with CO2 until approximately 90% CPE was observed in the virus 
infected control cells (usually 2 to 3 days). After incubation, the medium was removed^from all the wells. 
100 of neutral red solution was added to each well and the plate was incubated at 37* C without C0 2 for 
2 hours. After the 2 hour incubation, the excess neutral red solution was removed. The plates were washed 
with 100 ^I/well of PBS, pH 7.2 and then the PBS was removed. 

oe 
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The neutral red stain taken up by the viable cells was extracted by adding 100 ^l/well of acidified 
methanol, pH 1.0. (The acidified methanol fixed the cells to the well). The plate was allowed to stand at 
room temperature for at least 15 minutes to aJlow for maximum extraction. The amount of neutral red stain 
extracted into the methanol was quantified by determining the absorbance at a wavelength of 540 nm. 

5 

Reagents 

1% aqueous Neutral Red Salt was prepared by mixing 1 gram of neutral red salt in 100 ml of distilled 
water. 

10 Neutral Red Staining Solution was prepared by mixing 100 ml of 1X PBS, pH 7.2, 1-drop of 0.5% 
aqueous phenol red, 2-3 drops of 2N HCI (until solution turns yellow-orange) and 0.66 ml of 1% aqueous 
neutral red. 

Acidified methanol was prepared by mixing 8 drops of 2N HCI in 100 ml of methanol. 
10X Phosphate Buffered Saline (PBS), pH 7.2, was prepared by mixing 12.36 grams of Na2HP04 
75 (anhydrous), 1.80 grams of NaH2P04 (monohydrate) in distilled water, adjusting the pH to 7.2 and bringing 
the final volume to 1 liter. 

Results 

20 The percent CPE in virus controls was determined by the following formula: 
Abssio cell controls - Abssio virus controls X 100 Abss*o cell controls 

Thepercent CPE in cells infected with virus and treated with the test compound was determined by the 
following formula: 

Abss4o cell controls - Abssio test compound X 100 Abssio cell controls 
25 ApioTwas made of the percent CPE versus concentration of the test compound. The concentration of 
test compound at which 50% CPE would be observed is read from the dose-response curve and is the 
MIC 50 (/ig/ml). The concentration of test compound which is toxic to 50% of control cells is shown as the 
TD50. Test results are provided in Table 4. 

30 E. Alternate Method For Evaluation of Compounds For Activity Against Herpes Simplex Virus Types I and II 



CPE Inhibiton Assay Procedure (MTT) 

Vero cells were pregrown as monolayers in wells of COSTAR 96-well tisue culture plates using suitable 
35 cell culture media. Stock viruses were pretitered according to the method of Reed and Muench (Amer. J. 
Hyg. 27 493 (1938)) and diluted in ceil culture medium to yield 32 CCID50 (cell culture infectious dose, 
50%) "units per 0.1 mL. Antiviral assays were designed to test six concentrations of each compound, from 
cytotoxic to noncytotoxic levels, in triplicate against each of the challenge viruses in microtiter plate wells 
containing cell monolayers. To each of the replicate cell cultures were added 0.1 mL of the test-compound 
40 solution and 0.1 mL of virus suspension. Two compounds were evaluated per plate. The following controls 
were included: 

(1) Cell controls containing cells + medium; 

(2) Untreated, virus-infected cell controls; 

(3) Test-compound cytotoxicity controls containing uninfected, test-compound treated cells; 
45 (4) Test-compound color controls - test-compound + medium (no cells); and 

(5) Reagent (experiment medium) controls - medium only (no cells). 

The covered plates were incubated at 37° C in a humidified atmosphere containing 2% C02. When 
cytopathogenic effect (CPE) in untreated virus control wells reached 100%, 20 /1! of 3-(4,5-dimethyl-thiazoi- 
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) (dissolved in PBS at 5 mg/mL) was pipetted into each of the 

50 plate wells. The plates were incubated at 37' C for six hours; then 40 /xL of 30% SDS (in 0.02 N HCI) was 
added to each well. After overnight incubation at 37* C t the blue color or the MTT formazan was measured 
spectrophotometrically at 570 nm. The optical density (OD) value of each culture is a function of the amount 
of formazan produced which is proportional to the number of viable cells. A computer program was utilized 
to calculate the percent (CPE) reciprocal of % CPE reduction) of the virus-infected wells and % cell viability 

55 of the uninfected test-compound control wells. 

Test results are provided in Table 5. The IC50 value is the minimum test-compound concentration 
(/zg/mL) that inhibited CPE by 50%, calculated by using a regression analysis program for semilog curve 
fitting. The TC25 value is the minimum test-compound concentration (^g-mL) that reduced cell viability by 
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Table 1 

ftnri viral Activit y Qf rnmnnunrts nf Formula I 
against HernftS Simplex 



Challenge Virus: 
Host Cell Type: 



Compound of 

Fiffamnlft No. 

21 
22 
23 



Herpes Simplex 
Type 1 (E- 377) 
Vero 



VR 1 ID50 2 MTC 3 TI 4 



5.9 0.2 320 1552 
2.65 0.8 10 13.1 
0.6 306.7 320 1.0 



Herpes Simplex 
Type 2 (MS) 
vero 



VR ID50 



MTC TI 



2.9 44.3 >320 >7.2 
1.95 1.0 10 9.7 
0.5 320 



20 



1 VR • Virus Rating: A measurement of selective antiviral 
activity which takes into account the degree of virus- 

25 induced cytopathogenic effects (CPE) and the degree of 

cytotoxicity produced by the test compound/ determined by a 
modification of the method of Ehrlich et al. (Ann. N.Y. 
Acad. Sci. 130 : 5-16, 1965). A VR 1 1.0 indicates definite 
(+) antiviral activity, aVRofO.5-0.9 indicates 

30 marginal to moderate antiviral activity, and a VR < 0.5 
usually indicates no significant antiviral activity. 

2 ID50 - The minimum drug concentration (ug/ml) that 

35 inhibited the CPE by 50%, calculated by using a regression 
analysis program for semilog curve fitting. 

3 MTC - The minimum drug concentration (ug/ml) causing any 
cytotoxicity. 

40 

4 TI = Therapeutic Index, calculated by dividing the 
minimum cytotoxic drug concentration by the ID50. 



45 The results indicate that the compounds are active against HSV-1 and HSV-2. 
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Table 2 

Rnri viral Arfivir y nf Comprmnris of Formula I 
Acrainst Human C.ylrnmeaalnvi rus (HCMV) 
s Tn Vfk.CS Cells 

Drug HCMV yield MTT assay 

Cone. HCMV yield reduction Percent of 

Cflaamnd Mia/mi \ LlaaU PF"/mi> flnglfl Pro/mll nnnr . ro 1 — 

, 0 Ex. 22 0.032 3.8 0.8 

0.1 3.1 1.4 

0.32 2.6 1.9 84 

1.0 0.4 4.1 81 

• 3.2 <0.1 >4.4 77 

10 <0.1 >4-4 78 



75 



20 



Ex. 23 3.2 4.7 0.2 

10 4.5 0.4 100 

32 4.4 0.5 100 

100 4.0 0.9 98 

320 3.0 1-9 100 



25 The results indicate that the compound is active against HCMV. 
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fl P i-< viral a^i-ivTt. v of rnmnonnris of Formula I 





Drug 
Cone. 


Plaque 

Rprhirtion (%L 


MTT assay 
(Percent of 

control) 


MIC50 
(liq/mLL 


Ex. 21 


0.032 

0.1 

0.32 

1.0 

3.2 


16 
55 
97 
100 
100 


93 
84 
87 
87 


0.09 


Ex. 22 


0.032 
0 . 1 
0.32 
1.0 
3.2 


29 

0 c 
O o 

100 
100 
100 


88 
81 
77 
76 


0.07 


Ex. 23 


1.0 
3.2 
10 
32 
100 
320 


22 
22 
34 
84 
100 
100 


82 
84 
87 
88 
82 


19.4 


Ex. 42 


0.032 
0.1 
0.32 
1.0 
3.2 
10 
32 
100 
320 
1000 


7 
2 

54 

76 

98 

99 
100 
100 

99.6 
100 


93 
94 
80 
88 
82 
79 
68 


0.1 
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Ex. 43 0.032 1 100 0.17 



0.032 


1 


100 


0.1 


12 


100 


0.32 


41 


A £ 


1.0 


75 


100 


3.2 


98 


93 


10 


99 


99 


32 


99 




100 


100 


1 ft A 

100 


320 


* A A 

100 


0 0 

oo 


1000 


100 


82 


0.0001 


3 


a a 

99 


0.00032 


6 


ft o 

98 


0.001 


4 


93 


0.0032 


16 


<• AA 

100 


0.01 


54 


3 / 


0.032 


97 


94 


0.1 


98 


92 


0.32 


99 


92 


1.0 


99 


100 


3.2 


100 


100 



Ex. 44 0.0001 3 99 0.0032 



The results indicate that the compounds are active against Varicella-Zoster virus. 

Table 4 

anMrHrai Ari-ivify nf Conrnonnrts of Formula I 
Ayainst Harp«« Simplex 1 



Compound Mlgaa tuaZmJJ ma n maZnll 

Ex. 44 0.09 >1000 

Ex. 48 0.06 350 

Ex. 61 0.02 >1000 



The results indicate that the compounds are active against Herpes Simplex 1. 
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Challenge 
virus 


IC50* 
(ug/mL) 


TC25* 
(ug/mL) 


HSV-l (E-377) 


O.OS 


>354 


HSV-2 (MS) 


35.3 


>354 


HSV-l (E-377) 


0.7 


18.4 


HSV-2 (MS) 


141.0 


>307 


HSV-l (E-377) 


0.072 


289 


HSV-2 (MS) 


6.3 


>254 



^L^iraJ A -fr^Y ^ SmiQunds of Eaanula T -ftgmnst 

ffo r p*? Simplex 

Compound of 
Example No. 

42 



43 



44 



61 

The results indicate that the compounds are active against HSV-1 and HSV-2. 
The compounds of the present invention can be used in the form of salts derived from inorganic or 
organic acids. These salts include but are not limited to the following: acetate, adipate, alginate, citrate, 
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, 
cyciopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptonate, glycerophosphate, hemisulfate, 
heptonate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lac- 
tate, maleate, methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 
3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, tosylate, and undecanoate. 
Also, the basic nitrogen-containing groups can be quaternized with such agents as loweralkyl halides, such 
as methyl, ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates like dimethyl, diethyl, 
dibutyl, and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, 
bromides and iodides, aralkyl halides like benzyl and phenethyl bromides, and others. Water or oil-soluble 
or dispersible products are thereby obtained. 

Examples of acids which may be employed to form pharmaceutical^ acceptable acid addition salts 
include such inorganic acids as hydrochloric acid, sulphuric acid and phosphoric acid and such organic 
acids as oxalic acid, maleic acid, succinic acid and citric acid. Other salts include salts with alkali metals or 
alkaline earth metals, such as sodium, potassium, calcium or magnesium or with organic bases. 

The compounds of the present invention can also be used in the form of esters. Examples of such 
esters include a hydroxyl-substituted compound of the invention which has been acylated with a blocked or 
unblocked amino acid residue, a phosphate function or a hemisuccinate residue. Such esters also include 
hydroxyl-substituted compounds of the invention wherein the hydroxyl group is acylated to provide esters 
such as acetate, propionate, benzoate and the like. Other esters include the compounds of the invention 
wherein a carboxylic acid group has been esterified to provide esters which include, but are not limited to, 
methyl, ethyl, benzyl and the like. The preparation of esters of the compounds of the present invention is 
carried out by reacting a hydroxyl-substituted compound of the invention with an activated acyl, amino acyl, 
phosphoryl or hemisuccinyl derivative. Compounds which are esters of carboxylic acid group containing 
compounds of the invention are prepared by methods known in the art. 

The novel compounds of the present invention possess antiviral activity and are useful for treating or 
preventing virus related diseases {in particular, herpes viruses, such as herpes simplex types 1 and 2, 
cytomegalovirus and varicella-zoster) in humans or other mammals. The compounds of the present 
invention are also expected to be useful for treating or preventing diseases related to hepatitis viruses, such 
as hepatitis A, hepatitis B and non-A. non-B hepatitis, papilloma virus, influenza viruses, rhinovirus. 
respiratory syncytial virus, Epstein-Barr virus and HIV in humans or other mammals. 

Total daily dose administered to a host in single or divided doses may be in amounts, for example, 
from 0.1 to 2000 mg/kg body weight daily and more usually 1 .0 to 500 mg/kg. Dosage unit compositions 
may contain such amounts of submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier materials to produce a single 
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dosage form will vary depending upon the host treated and the particular mode of administration. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age, body weight, general 
health, sex, diet, time of administration, route of administration, rate of excretion, drug combination, and the 

5 severity of the particular disease undergoing therapy. 

The compounds of the present invention may be administered orally, parenterally, by inhalation spray, 
rectally, or topically in dosage unit formulations containing conventional nontoxic pharmaceutical^ accept- 
able carriers, adjuvants, and vehicles as desired. Topical administration may also involve the use of 
ointments, creams or ophthalmically acceptable solutions, suspensions, emulsions, ointments and solid 

w inserts. The term parenteral as used herein includes subcutaneous injections, intravenous, intramuscular, 
intrasternal injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or oleagenous suspensions may be 
formulated according to the known art using suitable dispersing or wetting agents and suspending agents. 
The sterile injectable preparation may also be a sterile injectable solution or suspension in a nontoxic 

75 parenterally acceptable diluent or solvent, for example, as a solution in 1 ,3-butanediol. Among the 
acceptable vehicles and solvents that may be employed are water, Ringer's solution, and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be employed including synthetic mono-or diglycerides. In 
addition, fatty acids such as oleic acid find use in the preparation of injectables. 

20 Suppositories for rectal administration of the drug can be prepared by mixing the drug with a suitable 
nonirritating excipient such as cocoa butter and polyethylene glycols which are solid at ordinary tempera- 
tures but liquid at the rectal temperature and will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, powders, and granules. 
In such solid dosage forms, the active compound may be admixed with at least one inert diluent such as 

25 sucrose lactose or starch. Such dosage forms may also comprise, as is normal practice, additional 
substances other than inert diluents, e.g., lubricating agents such as magnesium stearate. In the case of 
capsules, tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may include pharmaceutical^ acceptable emulsions, 

30 solutions, suspensions, syrups, and elixirs containing inert diluents commonly used in the art, such as water. 
Such compositions may also comprise adjuvants, such as wetting agents, emulsifying and suspending 
agents, and sweetening, flavoring, and perfuming agents. 

The foregoing is merely illustrative of the invention and is not intended to limit the invention to the 
disclosed compounds. Variations and changes which are obvious to one skilled in the art are intended to be 

35 within the scope and nature of the invention which are defined in the appended claims. 



Claims 



1. A compound of the formula: 

40 



B 



45 




so wherein B is a pyrimidin-1-yl group or a heterocyclic isostere of a pyrimidin-1-yi group; 

D is (i) hydrogen, (ii) Ci to Cio alkyl. (iii) -CH 2 OH, (iv) -CH 2 OR 2 o wherein R 20 is Ci to Cs alkyl, (v) 
-CH 2 OC(0)R 2 i wherein R 2 i is d to Co alkyl, (vi) -CH 2 OC(0)CH(R 22 ) (NHR 23 ) wherein R 22 is the side 
chain of any of the naturally occuring amino acids and R 23 is hydrogen or -C(0)CH(R 2 0(NH 2 ) wherein 
55 R 2 4 is the side chain of any of the naturally occuring amino acids. 

(vii) -CH 2 SH, (viii) -CH 2 Cl, (ix) -CH 2 F, (x) -CH 2 Br, (xi) -CH 2 I. (xii) -C(0)H, (xiii) -CH 2 CN, (xiv) -CH 2 N 3 , 

(xv) -CH 2 NR 33 R 3 4 wherein R 33 and R 3 * are Independently selected from hydrogen and Ci to Cio alkyl, 

(xvi) -C0 2 R 3 s wherein R 3S is hydrogen or C to Co alkyl. (xvii) -CH 2 CH 2 OH, (xviii) -CH 2 CH 2 OR 20 
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wherein R 2 o is as defined herein, (xix) -CH 2 CH 2 OC(0)R 2 i wherein R21 is as defined herein, (xx) 
-CH 2 CH 2 OC(0)CH(R 22 ) (NHR 23 ) wherein R 22 and R 23 are as defined herein, (xxi) -CH2CH2PO3H2, 
(xxii) -CH2OPO3H2, (xxiii) -OCH 2 P0 3 H 2 or (xxiv) -CH2CO2R36 wherein R 36 is hydrogen, C1 to C10 alkyl, 
carboxyalkyl or aminoalkyl; 

A is -CH- or A-G taken together is -C( = 0)-, -C(=CH 2 )-, -C(OH)(CH 2 OH)- or 

A-/ 

CH 2; 



and 

G is (i) hydrogen, (ii) C1 to C10 alkyl, (iii) -OH, (iv) alkoxy, (v) -NH 2 , (vi) alkylamino, (vii) dialkylamino, 
(viii) -SH, (ix) thioalkoxy, (x) -N 3 , (xi) -CH 2 OH, (xii) -CH2OR25 wherein R 2S is C t to C e alkyl, (xiii) 
-CH 2 OC(0)R 26 wherein R 26 is C1 to C10 alkyl, (xiv) -CH 2 OC(0)CH(R27)(NHR 2 8) wherein R 27 is the side 
chain of any of the naturally occuring amino acids and R2 8 is hydrogen or -C(0)CH(R 29 )(NH 2 ) wherein 
R29 is the side chain of any of the naturally occuring amino acids, (xv) -CH2SH, (xvi) -CH 2 CI, (xvii) 
-CH 2 F, (xviii) -CH 2 Br, (xix) -CH 2 I, (xx) -C(0)H, (xxi) -CH 2 CN, (xxii) -CH 2 N 3t (xxiii) -CH 2 NR3oR 3 i wherein 
R 30 and R 3 i are independently selected from hydrogen and C1 to C10 alkyl, (xxiv) -C0 2 R 3 7 wherein 
R 37 is hydrogen, C1 to C10 alkyl, carboxyalkyl or aminoalkyl, (xxv) -CH 2 CH 2 OH, (xxvi) -CH2CH2OR25 
wherein R25 is independently as defined herein, 

(xxvii) -CH 2 CH 2 OC(0)R 2 6 wherein R 2 s is independently as defined herein, (xxviii) -CH 2 CH 2 OC(0)CH- 
(R 2 7)(NHR 28 ) wherein R 2 ? and R 28 are independently as defined herein, 

(xxix) -CH 2 CH2P0 3 H 2 , (xxx) -CH 2 OP0 3 H 2 , (xxxi) -OCH 2 P0 3 H 2 or (xxxii) -CH 2 C0 2 R 32 wherein R 32 is 
hydrogen, Ci to C10 alkyl, carboxyalkyl or aminoalkyl; with the proviso that when D is hydrogen or C1 
to C10 alkyl then G is other than hydrogen or C1 to C10 alkyl; 
or a pharmaceutical^ acceptable salt or ester thereof. 

2. A compound of the formula: 



wherein B is 




i 

wherein v is 0 or S; 

Q is (i) -OH, (ii) -SH, (iii) alkoxy, (iv) thioalkoxy, (v) halogen, 
(vi) 
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(CH 2 ) m 

wherein m is 1 to 5, 

(vii) -NR1R2 wherein R1 and R 2 are independently selected from hydrogen and Ci to C10 alky I or (viii) 
-NHC(0)R 3 wherein R 3 is hydrogen, Ci to C10 alkyl. carboxyaikyl or aminoalkyl; 

and T is (i) hydrogen, (ii) Ci to C10 alkyl, (Hi) 2-haloethyl, (iv) halomethyl, (v) difluoromethyl, (vi) 
trifluoromethyl, (vii) halogen, (viii) cyano. (ix) nitro, (x) vinyl, (xi) 2-halovinyl, (xii) alkynyl, (xiii) hydrox- 
methyl, (xiv) formyl, (xv) azidomethyl, (xvi) 2-hydroxyethyl, (xvii) -NRiR 2 wherein R1 and R 2 are 
independently as defined herein, (xviii) -NHOH, (xix) -SH, (xx) propenyl, (xxi) 3,3,3-trifluoropropenyl, 
(xxii) 2-(alkoxycarbonyl)ethenyl, (xxiii) 2-cyanoethenyl, (xxiv) 



(CH*)m 
— N— — — ^ 



wherein m is 1 to 5, 

or (xxv) -CH2NR1R2 wherein R1 and R 2 are independently as defined herein; 

D is (i) hydrogen, (ii) C, to C10 alkyl, (iii) -CH 2 OH, (iv) -CH 2 OR 20 wherein R 20 is Ci to c 6 alkyl, (v) 
-CH 2 OC(0)R 2 i wherein R 2 i is Ci to do alkyl, (vi) -CH 2 OC(0)CH(R 22 )(NHR 23 ) wherein R 22 is the side 
chain of any of the naturally occuring amino acids and R 23 is hydrogen or -C(0)CH(R 2 4)(NH 2 ) wherein 
R 2 4 is the side chain of any of the naturally occuring amino acids, (vii) -CH 2 SH, (viii) -CH 2 CI, (ix) 
-CH 2 F, (x) -CH 2 Br, (xi) -CH 2 I, (xii) -C(0)H, (xiii) -CH 2 CN, (xiv) -CH 2 N 3 , (xv) -CH 2 NR 33 R 3 4 wherein R 33 
and R 3 4 are independently selected from hydrogen and Ci to C10 alkyl, (xvi) -CC^Rss wherein R 35 is 
hydrogen or Ci to C10 alkyl, (xvii) -CH 2 CH 2 OH, (xviii) -CH 2 CH 2 OR 20 wherein R 2 o is as defined herein, 

(xix) -CH 2 CH 2 OC(0)R 2 i wherein R 2 i is as defined herein, 

(xx) -CH 2 CH 2 OC(0)CH(R 22 )(NHR 23 ) wherein R 22 and R 23 are as defined herein, (xxi) -CH 2 CH 2 P0 3 H 2l 
(xxii) -CH 2 OP0 3 H 2 , (xxiii) -OCH 2 P0 3 H 2 or (xxiv) -CH 2 C0 2 R 3G wherein R 35 is hydrogen, Ci to Co alkyl, 
carboxyaikyl or aminoalkyl; 

A is -CH- or A-G taken together is -C( = 0)-, -C( = CH 2 )-. -C(OH)(CH 2 OH)- or 

A/ 

CH,; 



and 

G is (i) hydrogen, (ii) Ci to C10 alkyl. (iii) -OH. (iv) alkoxy, (v) -NH 2 , (vi) alkylamino, (vii) dialkylamino, 
(viii) -SH, (ix) thioalkoxy, (x) -N 3 , (xi) -CH 2 OH, (xii) -CH 2 OR 25 wherein R 25 is Ci to C 6 alkyl. (xiii) 
-CH 2 OC(0)R 26 wherein R 26 is Ci to C10 alkyl, (xiv) -CH 2 OC(0)CH(R 27 )(NHR 28 ) wherein R 27 is the side 
chain of any of the naturally occuring amino acids and R 28 is hydrogen or -C(0)CH(R 2 3)(NH 2 ) wherein 
R 29 is the side chain of any of the naturally occuring amino acids, (xv) -CH 2 SH, (xvi) -CH 2 CI, (xvii) 
-CH 2 F. (xviii) -CH 2 Br, (xix) -CH 2 I, (xx) -C(0)H, (xxi) -CH 2 CN, (xxii) -CH 2 N 3l (xxiii) -CH 2 NR 3 oR 3 ' wherein 
R 30 and R 3 i are independently selected from hydrogen and Ci to Co alkyl, (xxiv) -C0 2 R 3 7 wherein 
R 37 is hydrogen, Ci to C10 alkyl, carboxyaikyl or aminoalkyl. (xxv) -CH 2 CH 2 OH. (xxvi) -CH 2 CH 2 OR:s 
wherein R25 is independently as defined herein. 

(xxvii) -CH 2 CH 2 OC(0)R 26 wherein R 26 is independently as defined herein, (xxviii) -CH 2 CH : OC(0)CH- 
(R 2 7)(NHR 28 ) wherein R 27 and R 23 are independently as defined herein. 

(xxix) -CH 2 CH 2 P0 3 H 2 , (xxx) -CH 2 OP0 3 H 2 . (xxxi) -OCH : P0 3 H 2 or (xxxn) -CH r C0 2 R3 2 wherein R 3: is 
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hydrogen, Ci to C10 alkyl, carboxyalky! or aminoalkyl; with the proviso that when D is hydrogen or Ci 
to Cio alkyl then G is other than hydrogen or Ci to C10 alkyl; 
or a pharmaceutical^ acceptable salt or ester thereof. 

3. The compound of Claim 2 wherein V is 0; Q is -OH or -NH 2 ; T is halo, Ci to Cio alkyl, trifluoromethyl 
or 2-halo-vinyl; and G and D are -CH 2 OH. 

4. A compound of the formula: 



B 




wherein B is 



I 

wherein V is 0 or S; 

Q is (i) -OH or (ii) -NH; and 

T is (i) hydrogen, (ii) Ci to Cio alkyl, 

(iii) 2-haloethyi, (iv) halomethyl, (v) difluoromethyl, (vi) trifluoromethyl, (vii) halogen, (viii) vinyl or (ix) 2- 
halovinyl; 

A is CH and D and G are -CH 2 OH; or a pharmaceutical^ acceptable salt or ester thereof. 

5. A compound selected from the group consisting of: 
1-((2 , R,3 , R,4 , S)-3\4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-(trans-2-bromo-1-vinyl)uracil; 
1-((2 , R,3 , R,4 , S)-3\4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-(trans-2-iodo-1^ 
H^R^R.^SJ-^^-Bisfhyd^ 

1-((2 , R,3 , R.4 , S)-3 , ,4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-vinyluracii; 

1-{(2'R, 3 f R, 4 , S)-3 f ,4 , -Bis-(hydroxymethyl)-2 , -oxetanyl)-5-iodouracil; 

l-^'R.a'R.^S^.^-Bis^ydroxymethyl^-oxetanyO-S-bromouracii; 

l-^^^'R^'SJ-S'^-BislhydroxymethyO-^-oxetanylJ-S-chlorouracil; 

l-^'R.S'R.^SJ-S'.^-BisChydroxymethyl^'-oxetanyO-S-fluorouracil; 

1-((2 , R t 3 , R.4 , S)-3\4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-trifluoromethyluracil; 

1-((2 , R,3 , R.4 , S)-3 f ,4 , -Bis(hydroxymethyl)-2 , -oxetanyl)-5-ethyluracil; 

1-((2 , R,3 , R,4 , S)-3\4 , -Bis(hydroxymethyl)-2'^xetanyl)-5-(trans-2^ 

l-^'R.S'R^'SJ-S'^'-BisthydroxymethyO^'-oxetanyO-S-iodocytosine; and 

1-((2 , R.3 , R,4 , S)-3 , ,4 t -Bis(hydroxymethyl)-2 , -oxetanyl)-5-methylcytosine; 

or a pharmaceutical^ acceptable salt or ester thereof. 

6. A compound according to Claim 1 for treating or preventing a viral infection in a mammal in need of 
such treatment. 

7. A pharmaceutical composition comprising a pharmaceutical carrier and a pharmaceutical^ effective 
amount of a compound of Claim 1. 

8. A compound of the formula: 
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wherein B is 




I 

wherein V is 0 or S; 

Q is (i) -OH or (ii) -NH; and 

T is (i) hydrogen, (ii) Ci to Cio alkyl, 

(iii) 2-haIoethyl, (iv) halomethyl, (v) difluoromethyl, (vi) trifluoromethyl, (vii) halogen, (viii) vinyl or (ix) 2- 
halovinyl; 

A is CH and D and G are -CH 2 OH; or a pharmaceutical^ acceptable salt or ester thereof for treating a 
varicella-zoster virus infection in a mammal in need of such treatment. 

9. A process for the preparation of a compound of Claim 1 comprising the step wherein a compound of 
the formula: 

wherein P f is a hydroxyl protecting group is transformed by ring contraction to a compound of the 
formula: 



8 




wherein P' is a hydroxyl protecting group and R" is loweraikyl. 
10. The process of Claim 9 wherein the ring contraction is accomplished via a diazoketone intermediate. 
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